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The structure was closed for two days before burner startup during
which time data on pressure, air flow and the HD concentration in the air of
the test; structure were collected. When the burner was started, the real
time monitoring data of the air indicated that volitilization of HD and/or
HD b products occured. This was confirmed by bubbler data. The
volJ.nl"'zatmn reached a peak about 40 minutes after the burner was fired,
inished to background level approximately 8 hours later.

The air temperature inside the test structure was raised in
nts each hour to 750 F, until all points on the building had reached
300 F for one hour. It took 35 hours from the start of the test to reach
ition. Cooldown to less than 105 F took 38 hours, for a total
time of 73 hours.

After cooldown, the test structure was opened and photographed,

a3 showed HD above the theoretical detection limits which indicates
-g:: gas proceas is effective for removing HD from these materials.

e results of this study indicate that the hot gas
decontamination concept is a promising technology for the decontamination of
buildings and large pieces of equipment in the field. However, it is
recomnended that improved methods be developed to sample and analyze agent
from the suface of peinted and unpeinted concrete. It is also recommended
that air sampling techniques be used that are not affected by water
emanating from the concrete during the process.
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EXECUTIVE SUMMARY

The Army is the custodian of many buildings that have been contaminated
during the manufacture, storage, and demilitarization of chemical warfare
agents and munitions. Before the buildings can be reused, declared excess or
torn down safely, they must be processed to remove residual contamination.

The Army has embarked on a multi-phase program entitled "Development of
Novel Decontamination Techniques for Chemical Agent (HD, GB and VX)
Contaminated Facilities”. The goal of this program is to develop new
technologies to decontaminate buildings and large equipment contaminated with
chemical agents. In Phase I, “Identification and Evaluation of Concepis", 65
concepts were evaluated to address the problem. In Phase II, “Laboratory
Evaluation of Novel Agent Decontamination Concepts", seven concepts from the
Phase 1 study were tested for their ability to remove controlled amounts of
chemical agents from samples of building materials to levels below detection
limits. Based on effectiveness, reliability, waste product characteristics,
possible hazards and approximate cost, three decontamination concepts (hot
gas, steam, and l-octylpyridium 4-aldoxime bromide, or OPAB) were selected for
further engineering evaluation. Both the steam and hot gas processes
penetrated porous materials such as concrete and appeared promising for
building decontamination. The hot gas decontamination concept was found to be
the most cost =ffective, and was recommended for further evaluation in a pilot
test in the thivd phase of the program.

“Advanced Development and Field Testing of Novel Processes Technolegies
to Decontaminate Chemical Agent Contaminated Facilitie:* s Phase 1I! of the
Novel Processes program. Task 1 in Phase [1! is the first .arye-scale test 5§
the hot gas process for effectiveness in decontaminating agent.contaminated
building materials. The portion of the Task 1 test program corducted at
Ougway Proving Ground (DPG) is the subject of this report which comprises two
volumes. The results of the analytical and sampling methods verification
studies the design of the test structure and the pilot test are reported in
tiris volume. Volume 2 is an 2ppendix that contains all of the data generated
during the pilot test. The results of other activities completed as part of
Task 1, including an analysis of regulations that may be applicable to the
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field operation of the hot gas process, a preliminary economic analysis of
the process supplied to larger structures, and the results of a field sampling
survey at Rocky Mountain Arsenal (RMA) are detailed in separate letter
reports.

In Task 1, the hot gzs decontamination process was used in a pilot scale
study to determine its effectiveness in removing a controlled amount of
chemical agent mustard (HD) from a small test structure with walls made from
poured concrete, solid and hollow concrete blocks, and from mild steel.
Portions of each wall were painted and unpainted. The test structure and
burner system were located in an environmentally controlled test chamber and
were controlled remotely. Coupons of painted and unpainted concrete and steel
were mounted on the inside of the test structure and two areas on the floor
were spiked with low quantities (4mg/square inch) of HD to simulate conditions
in a building decontaminated to meet 3x criteria (defined in DARCOMR 385-3!
and DARCOMR 385-102). Pre-test blanks and spike samples were collected and
analyzed in accordance with methodology developed in the laboratory for
extracting HD from pulverized concrete, from soil, and from painted and
unpainted concrete and steel surfaces.

The structure was closed for two days before burner startup during which
time data on pressure, air flow and the HD concentration in the air in the
test structure were collected. When the burner was started, the real time
air monitoring data indicated that wvolatization of HD and/or HD breakdown
products occurred. This was confirmed by bubbler data. The velatization
veached a peak about 40 minutes after the burner was fired, then diminished to
background level approximately 8 hours later.

The air temperature inside the test structure was raised in increments to
750%F until all points monitored on the building had reached 300°F for one
hour attaining this condition required 35 heurs. Cooldown to less than 1059F
required 38 hours for a total test duration of 73 hours.

After cooldewn, the test structure was opened and photographed, and all
samples were collected and analyzed. Results of the analyses indicated that
no HD above the detection limits were found in the samples of building
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no HD above the detection limits were found in the samples of building
materials subjected to the hot gas process.

The results of this study indicate that the hot gas decontamination

concept is a promising technology for the decontamination of buildings and

large pieces of equipment in the field. However, it is recommended that
improved methods be developed to sample and analyze agent from the surface of
painted and unpainted concrete. It is also recommended that air sampling
techniques be used that are not affected by water emanating from the concrete
during the process.

e 8 B M A o e 2 B E O3

Pyt |

e
L& Y

b4
5

Fad

f

e S




1.0
2.0
3.0
4.0

5.0

6.0

1.0

8.0

TABLE OF CONTENTS

INTRODUCTION .uvvvnveiinieenneerineanonoesonnsscnccscsnsassansnss
BACKGROUND .......cc.vveene. Seusseseisescessartrraseennensraands
OBJECTIVES ....... e aeeeestenensiasatientearerennnsannsens veosons
TECHNICAL ........... e resesseceseesseenraasressannsurososeneenns

4.1 Subtask Review .......oviieirrrrernoceneecensncensncnnnns
4.2 Pilot Test Parameter Selection ......veeveeevnvevonennss

PILOT TEST EQUIPMENT AND FACILITIES ......ciieviiiiniiiiiiinnnas,

Test Structure Design ...c.oiveiiiiiiiiiiiiniieenaannn,
Coupon Design .oviiiiiiiiiiii it iieiiicreneteanaenns
Equipment Layout and Thermocouple Placement ............
Burner Design and Control ... .. ..ciiiiiiiiiininannns,

[S N2 3 WE.]
. s e s
& W N\ e

5.4.1 Burner Design ... .iiiiiiiiiiiiiiiiiiiiiiiaiaan,
5.4.2 Burner Control ... ..ttt ittt ettt ettt

5.5 Data Acquisition System ... iiiiiiiiiiiiiii i
5.6 Analytical Laboratory ............. Cenenanans Ceeeareaanan

PREPARATION FOR PILOT TESTING ....ocnviiiiiiiiiinannn, .

6.1 Installation of Coupon Holders and Design of

Coupon Placemant. ... it i ittt ict e
6.2 Air Flow Measurement ........... feenasaratenaceraannanan
6.3 Instrument Checkout ... .. ittt i e,
6.4 Burner Nodification and Startup ......... Cessenneaanan .

TEST‘NG TR IR RN EEE Lo w s eanuUrE Ry Peras ey e b e maseniasan

7.1 Backgrowad Data ... ..ot
7.2 Becon Testing ... co.iiiniiii ittt
7.3 POSt T@sting . u.uvnnnrniaiierenineeransoncananennanas

PILOT TEST RESULTS .ttt iiiiiiet it iienrennneannnsannnsacnuns
8.1 Test Structure Integrity ... ... ..ottt
8.2 HBeat-up Profiles ... ... .. . i,
8.3 AIr ANALYSES ..ttt ettt ittt

8.3.1 ACANS Readings .................... et iaeaaeeaaas
8.3.2 Bubbler Analyses ......cveiiiiiiiiiiieininanens




8.4 Sample Anadlysis ...cvvevenscercensss ceteccecreessasresees
8.4.1 Verification Results .........cvvveveninnnnnncans
8.4.2 Results of The Post Test Samples ......ccvvvennae
9.0 PILOT TEST ENVIRONMENTAL AND SAFETY REQUIREMENTS ................
10.0 CONCLUSIONS ....iviirriininrtiiannetvuoneraneansaasscacsannsnasnns
11.0 RECOMMENDATIONS ......... Cevenene e eaerereetrectoetnsenosannnnnes
APPENDIX A -- Subtask 2 - Design Review

APPENDIX B --

APPENDIX C

APPENDIX D
APPENDIX E
APPENDIX F

¢

Subtask 3 - Report on the development of Analytical Methods for

61

61
65

66
67

69

Cetermination of HD Contamination in or on Building Materials

Test Plan for Novel Process Demonstration at Dugway Proving

Ground

SOP for Novel Process Burner System

Results of Method Verification Studies, Dugway Proving Ground

Hourly Averages of Temperatures Recorded During Pilet Test

=]

| =]

t

B

"wE O B 523 B3

| e

t4cy s» oo 2%




EJGURE Page
5-1 Sketch of Test Structure ......cooiivvieviiniiiirerennennonnnnens 13
5-2 Sketch of Coupon Mounting Clip ......civiiiiienrrernnenincranncces 15
5-3 Equipment Floor Plan--Top View ......cvviiieicnnnncreacnsanansnnes 16
5-4 Equipment Floor Plan--Side View .....ccciiiiinirinereanannneneens 17
5-5 Thermocouple Placement in Test Structure ..........cccvuee.. cesane 19
5-6 Line Diagram of Flows and Controls ........cciivivniennncncnnnnnn. 23
6-1 Coupons Placement in Test Structure .........cccciiiieinrnnranansnas 25
6-2 Test Structure in the Environmental Chamber ...................... 28
7-1 Bubbler and ACANS Locations .......iieiiiiiiriireinrcniesrncnannes 30
§-1 Photo of Interior of Test Structure from Doorway ................. 40
8-2 Photo of Interior Floor of Test Structure .........ccccoiiioiiinn, 41
8-3 Heatup Profile of Concrete Wall .............. Creaenetireaeaananan 43
8-4 Heatup Profile of Solid Biock MWall ............ farreccantesanrrean 44
8-5 Heatup Profile of Hollow Block Wall ............. cernaes Cereenraan 45
8-6 Heatup Profile of Steel Plate Wall ........ocoiiiiiiiiiininannnn.. 46
8-7 Heatup Profile of 6 inch Thick Flo0r ... .coiiiiiiiinnnrcinnnnnens 47
8-8 Heatup Profile of 12 inch Thick Flgor ......coiveivnnrennn. Creeaas 48
8-9 Coopparisen of Interior Wall Heatup Profiles .............vinen.. {9
8-10 Comparison of Exterior Wail Heatup Profiles ....... Cieveenenen 50
8-11  ACANS REUINGS -« v enrenenen e nen e et e e 52
8-12 Bubblers, Llower Boor ......oooiinii ittt iiiiiarieicaiaaaaann, 54
8-13 Bubblers, Upper BOoOr ......oiiiiiireiiii it iaiatranannannas 53
§-14 Bubblers, Bast Exhaust ........ciinoiiiiiiiiiiiineinennnnnannnnn $7
8-15 Bubblors, West Exhaust ......coiiiiiiiiiiiiiiiiii it 38
8-16 Bubblers, Undes Floor Spill (.. . it iiinnnnn «.. €0

LIST OF FIGURES




s A 3.0 B M M

%]

J
L3
9
3
E
¢

TABLE Page
2-1. Agent Decontamination concepts Evaluated During

Phase I (from the Phase II Final Report) .......covviveviennnnnen. 5
7-1 Pre-Test Blank Samples ...cciveiiirieeieneenocennecnsrencnnsconnas 35
7-2 Post Test Samples ....vceiiveeniaecersansoraccassonasassvasasansns 36
8-1 Results of Method Verification Studies ...........ccivvvvviiann, 64

LIST OF TABLES

. B4

&2

(L]

&t

Eo

e F O

2]

woe wen

v

o

M
) [ SN




TASK 1: CONTRACT NO. DAAA 15-86-D-001
DEVELOPMENT OF NOVEL DECONTAMINATION
TECHNIQUES FOR CHEMICAL AGENT (GB, VX, HD)
CONTAMINATED STRUCTURES, PHASE III

REPORT AMXTH-TE-CR-87130
PILOT PLANT TESTING OF HOT GAS BUILDING
DECONTAMINATION PROCESS

for

UNITED STATES ARMY TOXIC AND HAZARDOUS
MATERIALS AGENCY

Prepared By
BATTELLE COLUMBUS LABORATORIES
23 October 1987.

1.0 INTRODUCTION

The U.S. Army owns many facilities, which may include buildings or large
items of equipment, that have been used in the manufacture, processing,
loading, storage and destruction of chemical warfare agents. These operations
involve permanent Facilities and a variety of process and handling equipment.
As part of their responsibilities in DoD onronerty disposal, USATHAMA must
identify, contain and eliminate toxic and hazardous materials at facilities
trat have been declared eicess or are candidates for excessing. With this
mandaie, USATHAMA must provide not onily the technical basis to implement
decoxrtam.nation bue also the standards to ensure that decontamination has been
effective.

The only currently approved method of decontaminating materials so that
they can be releas~d from government control is incineration at a temperature
of 10009F for 15 minutes. Materials exposed te such conditions are described
as havina attained “5X" status and are defined as suitable for unrestricted
use (DARCOMR 385-1G2, 1982). However, the expense required to accomplish such
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decontamination is excessive. The successful develcpment of an alternative
decontamination technique which would not require the dismantling of a
facility and which would result in a 5X decontamination status rating (or its
equivalent) without incineration represents a potentially large cost savings
to the Government. Many facilities that have been contaminated with chemical
agents are structurally sound and it would be most desirable to decontaminate
such facilities by a process that would not damage structural integrity. Free
from chemical agent contamination, the facility could be reused or excessed
with substantial cost savings.

USATHAMA has instituted the multi-phase Novel Process Technologies
program to investigate ways to decontaminate buildings and other structures in
the field. Phase I and !i were concept development and laboratory evaluation
studies of methods fu: decuntaminating building materials (see section 2.0).
The hot gas decontamination concept was chosen as the most effective remover
of chemical agent from a variety of materials as well as the most cost
effective out of 65 concepts «valuated.

As part of Phase IIl, in which the novel process technglogy is to be
adapted to the field, Battelle Columbus Laboratories was tasked by USATHAMA to
perform an experimental large-scale pilot test using the hot gas process to
remove controlled amounts of agent mustard (HD) from a small test structure
with walls made of poured concrete, solid and hollow concrete block, and from
mild sieel. Surfaces were both painted ard unpainted. A prapane burner was
attached to a port in the test structure, and heated aivy was blown into the
test structure and exhausted through a charceal filter. The test structure
and burner system were located in an environmentally controlled test chamber
and were controiled remotely. Coupons of painted and unpainted concrete and
steel, mounted on the inside of the test structure, and two areas on the
concrete floor were spiked with approximately dmg/square inch of HD. Pre-test
blanks and spike samples were collected and analyzed in accordance with
methodology developed in the laboratory for extracting HD from pulverized
concrete, from soil, and from pcinted and unpainted concrete and steel
surfaces.
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The results of the analytical and sampling methods verification studies
and the pilot test itself are reported in this volume. Volume two is an
appendix that contains ail of the data generated during the pilot test at
Dugway Proving Ground (DPG).
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2.0 CKGROUND

Phase I, "lIdentification and Evaluation of Concepts", was performed by
gatteile Columbus Division (BCD)*. Sixty-five concepts were generated and
descoibed in sufficient detail to permit their evaluation against the criteria
of mass transfer, destruction efficiency, safety, damage to structures,
penetration depth, applicability to complex structures, operating costs,
capital costs, and waste treatment costs (Table 2-1). Seven of the most
promising concepts, which included Hot gases, Steam, N-Octyl-pyridinium 4-
aldoxime bromide (OPAB), Monoethanoloamine (MEA), FREON 113 Vapor
Circulation, Ammonia Gas or Amuonia Steam, and Flashblast were recommended
for further study n Phase [II, “Laboratory Evaluation of Novel Agent
Jecontamination Concepts”.

The laboratory study, also pe:iformed hy BCD, was designed to evaluate
experimentally the conuepts selected from Phase I and to recommend one to
three of the most promising cuncepts for fiald evaluation in Phase III**. The
ideal concept sought was a single decortamination process that would
effectively decontaminate building materialc such as concrete and steel and
remain cost effective. Labovatory evaluation included testing the
effectivepess of the seven concepts in decontaminating progressively more
complex substrates: f{irst, from glassware, then f{rom unpainted stainless
stael coupons, and finally from painted and unpainted mild Lteel, painted
stainless steel and corcrele coupons.

——

*H. P. Benecke, et al., Development of nrove' Jecontamination and inerting
techniques for explosives contaminateo facilities, Phase I: lIdentification
and evaluation of novel decontamination concepts, Battelle Columbus Division

Bo]U.Sigggmy Toxic and Hazardous Materials Agency, Report DRXTH-TE-CR-83211,
uly, .

**f, R. Zamejc, et al., Development of novei decontamination ard inerting
techniques for chemical agents (GB, VX, HD) ccniaminated faciiities, Phase
11+ Laboratory evaluation of novel agent decontaminatic. concepts, Battelle
Columbys Division to U.S. Army Toxic and Hazardous daterials Agency, Report
AMXTH-TE-TR-85012, &1 June, 1985.
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TABLE 2-1. AGENT DECONTAMINATION CONCEPTS EVALUATED DURING PHASE I
{from the Phase II Final Report)

CHEMICAL PHYSICAL/EXTRACTION
OCTYL PYRIDINIUM 4-ALDOXIME BROMIODE (0PAB) SURFACTANTS
0s2 (A) STRIPPABLE COATING
c0-1 (8) VAPOR CIRCULATION
SUPERTROPICAL BLEACH {STB) SOLVENT CIRCULATION
ALL PURPOSE OECONTAMINANT (APO) (C) SUPERCRITICAL FLUTOS
MONOE THAKOLAMINE ULTRASONIC EXTRACTION

GAMMA RADIATION
NITRIC ACID

AMMONTUM HYOROX1OE PHYSICAL/ABRASIVE
HYPGCHLORITES

0ANC HYOROBLAST ING
GASEQUS AMINES ACi0 ETCH
CHLORINE SANDBLASTING
STEAM OEMOLITION
AMMONTA/STEAM VACU-BLASTING
PERCHLORYL FLUORIDE CRYOGENICS

GERMAN EMULSION SCARIFICATION
RYOROXAMIC ACIOS ELECTROPOL [SHING
SODIUM HYDROXIDE SOLUTION ORILL AND SPALL
OIMETHYLSULFOXT0E

MACROCYCLIC ETHERS

PROPIONYL FLUQRIDE THERMAL
PHENQLS/CATECHCLS

CARBONATE/BICARBONATE SOLUTIONS FLASHBLASTING
CHLORITE SCLUTIONS HOT PLASMA
CHLORINE O10X10E MICROWAVE HEATING
NITROGEN TETROXIDE FLANING

BORON TRIFLUORIOE HOT GASES

0ZONE SOLVENT SOAK/BURN
SULFUR DICHLORICE INFRARED HEATING
UV/0Z0NE CARBON OIOXIDE LASER
ULTRASONIC OECONPOSITION ELECTRICAL RESISTANCE COMTACT MEATING

COPPER LIGANDS

VARADIUN CATALYIED HYDROLYSIS
ANTHRANILIC ACID-STLVER COMPLEXATION
NAGNESTUM NYDROXIDE [MPREGNATED ALUMINA
CONPLEXATION MITH MOL YBOENUM L [GAND
PERBORATES

MICROSTAL DEGRAGATION

PERNANGARATE SOLUTIONS

ENZYNE PROTEINS

SoDiUN SULFLDE

A Wixture of 70 weight percent diethylenetriamine, 28 weight percen:
methyl cellosolve and 2 weight percent sodium hydroside.

8) Mtxture of 55 volume percent morgethinolamine, 45 volume percent propylene
glycol and 2.5 weight percent lithiun hydroaide.

C) MNixture of S& weight percent mon.sthanolamine, 48 weight percent
isepropanclanine and 2.5 werght percent lithium hydroside.




The hot gas concept, in which a temperature of 300%F was maintained for
60 minutes, was found most effective in decontaminating HD, GB, and VX
contaminated painted and unpainted steels and porous materials. In the hot gas
process, the interior of a building is heated by hot exhaust gases from a
combustion device located outside the building. As the temperature is
increased, the chemical agents and their decomposition products are
volatilized from the structure and the exhaust gases are filtered or passed
through an afterburner.

The steam decontamination concept and the OPAB decontamination concept
were also effective, but the engineering analysis indicated OPAB would be less
effective than either steam or hot gas. An economic analysis of the
recommended concepts indicated that the hot gas concept would be more
econoimical to use than the steam concept. Based on these results, Battelle
and USATHAMA selected the hot gas decaiitamination concept for field
evaluation in this first task of Phase !II, “Field Testing".
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3.0 OBJECTIVES

The main objective of the hot gas decontamination pilot program was to
further test the feasibility of the hot gas process before attempting full-
scale implementation. The objectives of Task 1, Phase III are as follows:

1. Demonstrate the feasibility of the hot gas process in pilot-scale
decontamination tests of an actual contaminated structure, room, or
sump.*

2. Verify and/or develop analytical and sampling techniques for agents
on or in field building materials, soils, water, etc.

3. Determine visually the effects of the hot gas process on actual
structures and representative materials.

4. ldentify contamination levels and profiles in field structures
(results to ke
reported in a separate letter report, December, 1987).

5. Obtain data for use 1in satisfying regulatory/safety agency
requirements for application and validation of a decontamination
process (results to be reported in a separate letter report,
December, 1987).

6. Confirm/refine the assumptions made in previous engineering and
economic evaluations such that a detailed design of 2 full-scale
process can be made (results to be reported in a separate letter
report, January, 1988).

*USATHAMA originally envisioned a pilot test on & structure in the field at an
installation. However, after a site selection review by USATHAMA was
condu-td, it was decided that a pilot test conducted on a specially
const, acted test structure spiked with chemical agent in a controlied
environment would be more appropriate for the first large scale pilot testing
of this process involving chemical agents.




4.0 TECHNICAL APPROACH

Task 1 included the development cf sampling and amalytical methodo.ogies
for field contaminated facilities, limited sampling of existin; field
facilities, and the design and operatioﬁ of « pilot-scale int ogas
decontamination system. '

Mustard (D) was the chemical agent of interest in the Task ! prugram.
This agent was selected because of indications in previous laboratory work
(Phase 1I) that HD was the most readily recoverable from concrete of tha
commun chemical agents. This made HD most suited to the objectives of tha
task. The methods development, field survey and pilot test were all acsigned
with HD as their focus.

4.1 Subtask Review

The work for this task was organized into the following nine subtasks,
each comprised of several activities:

Subtask 1 -- Task Management

Subtask 2 -- Phase II Design Review

Subtask 3 -- Analytical/Sampling Nethodology
Subtask 4 -- Field Survey

Subtask 5 -- Pilot System Design and Fabrication
Subtask 6 -- Test Plan

Subtask 7 -- Procedures and Documentation
Subtask 8 -- Pilot Vest

Subtask 9 -- Draft Report

[

In Subtask 2, Design Review, knowledge gaps in the Phase Il ra2port were
identified, pilot test parameters were identified (see section 4.2) and
preliminary outlines of the test structure and pilot test design ware made.
The Subtask 2 report was submitted to USATHARA in May, 1986, and is included
in Appendix A.




In Subtask 3, Analytical/Sampling Methodology, field sampling methods
were developed for retrieving HD from steel and concrete surfaces and from
concrete at depth. Analytical methods were verified for extracting HD from
pulverized concrete, soils, and swab samples collected from painted and
unpainted steel and concrete surfaces. Section 8.4.1 contains a brief summary
of the results of those studies as applied to the pilot test operation. A
more detailed account of the methods verification and sampling method
development is given in the Subtask 3 report which was submitted to USATHAMA
in August, 1986 and is included in Appendix B.

The objective of Subtask 4, Field Survey, was to determine levels of
contamination of HD in actual buildings that could be candidates for the hot
gas decontamination process. A field sampling of a hot gas stream from a
potentially contaminated concrete pit in Building 537 of the Rocky Mountain
Arsenal, Colorado (RMA), was conducted in May, 1987, as part of this subtask.
Results of this operation are summarized in a separate letter report
(Scheduled November, 1987).

Subtask 5, Pilot System Design and Fabrication, included initial design
of the system, drawings of the system setup (submitted to USATHAMA in August,
1986), fabrication of the test structure, and instrumentation setup and
checkout (see sections 5 and 6 of this report).

Subtask 6, Test Plam, was the operational guide for the pilot test. It
is provided in this report as Appendix C.

Subtask 8 was the pilot test operation itself, which is detailed in
section 7 of this raport. Results of the pilot test are described and
discussed in section 8.

The objective of Subtask 7, Procedures and Documentation, was to gather
and analyze federal, state, and Army regulations that would impact the
application of the hot gas decontamination process to the field. Results of
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this analysis of safety and environmental regulations are reported in a
separate letter report (Scheduled December, 1987).

Subtask 9, Draft Report, included a summary of all preparation and
results of the pilot test. A preliminary economic analysis of the application
of the hot gas process to field siructures was also performed as part of this
subtask. This analysis is reported separately in a letter report (Scheduled
January, 1988).

4.2 Pilot Test Parameter Selection

The original task order called for the pilot test to be performe. on an
existing field structure at an installation, but after a site review by
USATHAMA, it was determined that an intermediate step--changing from a field
test on an existing structure to a scaled-up laboratory test--would provide
more control of th2 environment and test parameters. Thus, the approach was
changed. The pilot test was subsequently performed on a small fabricated test
structure comprised of a variety of building materials spiked with HD and
decontaminated in an environmental test chamber. Pretest spiked samples and
post test sawpies of the bui!ding materials were analyzed and compared, and
various air monitoring data were gathered during the test by bubblers and
Automatic Continuous Air HNonitoring Systems (ACAMS). A test chamber in
Building 3008 at OPG was selected for the site of the pilot test.

Because the pilot test was to be designed to simulate decontamination of
structures which may be encountered in the field, it was decided that the
concentration of the HD spikes should approximate those found in buildings in
a "3x" condition. This condition is defined by the regulations in terms of
vapor concentrations in a\r, not as concentrations in materials (see DARCONR
385-3) for HD, and DARCONR 385-102 for G and VX). Thus, “3x“ decontamination
has been achieved when a chemical decontaminant has been applied to a surface
and less than 0.003 mg/m3 of KD is present in an 8-hr bubbler analysis of the
offgassed air of the structure {DARCCMR 385-31). The concentration of HD in
bubbler  solution that correlates to the 0.003 mg/m3 definition is
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approximaiely 0.1 ug/ml, which is essentially the detection 1limit of the
analytical method used to analyze the bubbler samples.

In an effort to translate the regulatory criteria to concentration of HD
in building materiai, the theoretical method detection limits developed in
Subtask 3 were used as minimum criteria for spiking values (see section 8.5).
Army safety and surety regulations and policies dictated the upper limit of
the concentration levels of the spiking. A concentration of approximately &
mg/sq.in. was used to spike the test structure coupons and the floor spills.

The experimental design parameters of the pilot test were selecteu after
raview of the Phase I! report was conducted and a heat transfer ianalysis was
rmade (Appendix A). The following design parameters were selected:

1. The gas temperature inside the test structure must not exceed 750 F
based on the Phase II conclusion that concrete is not seriously
damaged when heated to temperatures below 750 F.

2. The temperature of structural materials must be maintained at 300 F
for at least 60 minutes to assure the decontamination of HD (from
results of studies in Phase IJ).

The test structure must be mounted on a base of soil which would be
sampled after the test. This requiremant was established to
determine if HD in concrete, when submitted to a unidirectional heat
source, maintains its chemical integrity and migrates away from that
source into the survounding soil.

(¥
.

The following sections detail the pilot test design, operation, and results,
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5.0 PILOT TEST EQUIPMENT AND FACILITIES

5.1 JTest Structure Design

The pilot test was conducted in Room 212V, an environmental test chamber
in Building 3008 at Ougway »roving Grounds (DPG), July 17-23, 1987. The test
was a joint effort between Battelle, which designed and provided technical
oversight for the test, and Dugway Proving Grounds, which actually performed
the test operations and provided laboratory services. Duties of each
organization are detailed in the Test Plan (see Appendix C).

This section describes the test structure design, coupon design,
equipment layout, the burner design and control, the data acquisition system
and the analyt:cal services.

The test structure was a 10 x 8 x 8 foot building with 3 stee! door
opening onto an 8 x 8 foot piatform as sketched in Figure 5-1, Each wall of
the building was made of a different material: one of )2-inch thick concrete,
one of standard 16 x 8 inch by 8-inch thick solid concrete block, one of 16 x
8 x 8 inch hollow concrete block, and one of ©.25 inch sleel plate. One-half
of the building floor was 12-inch thick concrete and the other half was 6-inch
thick concrete. The platform fioor and building ceiling were 0.25 inch steel
plate. The entire structure was mounted on a one foot high, 12 x 8 foot base
made of I-beams, which was filled with local soil from DPG. (Local soil, which
has some clay in it (sce Appendix E). was used instead of the sand called for
in the design review (Appendix A) because its heterogeneous composition was
~ Jjudged to more accurately approximate actual field conditions). The base was
supported 13 inches from the floor of the test chamber by four casters.
Therefore, the top of the soil base and the test structure flgor were 2%
inches above the test chamber fleor. The steel door frame and penetrations
for heating, cocling, and room exhaust ducts were located in the steel wall of
the test structure. The entire structure was insulated with high tozperature
fiberglass insulation (2 inch thick Owens Corning Insul-Quick).

b,
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5.2 Coupon Design

Both concrete and carbon steel coupons were placed in the test structure.
The steel coupons were installed on the steel wall; concrete coupons were
installed on the test structure’s floor and concrete walls. The concrete
coupons measured 5x5 inches, and were fabricated in two thicknesses: 0.25 and
0.5 inches. Both low porosity and high porosity concrete coupons were
prepared in order to simulate more closely the variety of concrete which can
be found in the field. The cement to sand ratio for the low poreosity concrete
was 0.4:1:1.6 and for the higher poreosity concrete was 0.6:1:3. The steel
coupons also measured 5x5 inches, and were made of 0.25 inch carbon steel.

The mounting clips used fer holding the coupons against the test
structure walls consisted of the following components:

1. Yool Holder, No. 68 Finger Grip (cut in half),

Hachine Screw Anchor, Tampin, 10-24 (rated at 150 1bs safe load),
Steel Bushing, 5/16 inch QD x 3/16 inch [D x 12/32 inch lbng. and
Steel Machine Screw, RH 10-24 x 1 inch,

oo < "
[ . .

Figure 5-2 is a sketch of the assembied c¢lip.
The equipnant flcor plan is shown in Figures 5-3 and 5-4.
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5.3 Equipment Layout and Thermocouple Placement

Figure 5-5 indicates thermocouple placement in the test structure.
Standard type K Chromel Alumel thermocouples were used. The flexible type was
used to monitor material temperatures (in the solid walls and on the
surfaces), and the rigid probe type was used to measure air temperatures in
the test structure and in the middle of the hollow biock wall.

The following temperatures were monitored in the test structure:
1) Inside test structure room (TC 41)

2) Inside test structure room, second location (TC 42)

[t Y] [>T o) PRI~y fon o 2 ] g = <l |

3) Inside concrete wall (TC 1)

4) Middle concrete wall (TC 2) g

5) Outside concrete wall (TC 3)

6) Inside solid block wall (TC 11) g
t

_7) Middle solid block wall (air space) (TC 12)
8) Outside solid block wall (TC 13)

9) Inside hollow block wall (TC 21)

10) Middle hollow block wall (TC 22)

11) Outside hollow block wall (TC 23)

12) Steel wall (TC 43)

13) Steel ceiling (TC 54)

[ e oo Y

For e o 3§ b [~ W B

14) Steel ceiling, second location (TC 55)
15) Inside 6 inch Floor (TC 8)

16) Outside 6 inch floor (TC 9) ’
17) Inside 12 inch floor (TC 27) E
18) Middle 12 inch floor (TC 28)
19) OQutside 12 inch floor (TC 29)
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20) Bottom soil, 6 inch floor (TC 10)

21j) Bottom soil, 12 inch floor (TC 30)

22) Duct from test room before dilution (TC 47)
23) Duct from test room after dilution (TC 48)
24) Air to burner (TC 50)

25) Chamber air near test structure (TC 51).

$.4 Burner Design and Control

5.4.1 Burner Design

A 1.5 inch KINEMAX medium velocity burner, manufactured by Maxon
Corporation, was used tc heat the test structure. The maximum capacity for
this particular burner is 550,000 Btu/hr. For the purpose of this
demonstration it was designed to operate on propane fuel and was supplied with
a combustion blower rated at 100 standard cubic feet per minute (scfm). A
constant air flow to the burner was used throughout the test.

5.4.2 Burner Control

Thermocouple No. 41 which monitored the air two feet inside the test
structure actuated a control at the proportioning control panel to modulate
the fuel flow through the combustion train to the burner. The contrel panel
was iocated in a control room outside the test chamber. Therefore the
temperature setpoints (test structure heat-up) could be controlled without
entering the test chamber.

Standard industrial safety features built into the burner system
included:

1. Automatic shutdown of burner if flame out was seased by a UV flame
detector;

2. Automatic shutdown of burrer if high or low gas pressure or high or
low burner temperature were sensed; and

1
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3. Automatic shutdown of burner if loss of =air flow through the

combustion blower was detected.

The dijution air entering the hot gas exhaust duct was controlled by a
barometric damper which was adjusted (0.5 in. Hp0) to maintain a negative
pressure (-0.2 in. Hs0) in the test structure. Two 1200 actual cubic feet per
minute (acfm) blowers were located downstream of the barometric damper and
carbon filter in the exhaust duct. These blowers were required during the
test to assure adequate tempering of the exhaust gas before it passed through
the filter.

A remote cooling air damper, located at the structure’s cooling air
inlet, was closed during heat-up of the building. At the end of the test,
when the burner was turned off, this damper was opened to allow cooling air to
enter.

A line diagram of flows and controls for the burner system is shown in
Figure 5-6.

5.4.3 Emergency Shutdown of System

In addition to the automatic utdown safety features of the system,
there was also a master control switch on the control panel that could be used
in case an unanticipated problem arose in which would not automatically
initiate shutdown of the system.

5.5 Data Acquisition System

The data acquisition system, GP-DAS, was provided by DPG. It was housed
in a mobile unit {trailer) outside of Building 3008. The system monitoved aiv
flow data, thermocouple data, and the pressure inside the test structure
continuously.
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5.6 Analytical Laboratory

A1l sample analyses were conducted in the DPG 1laboratories by DPG
personnel. The bubbler samples were analyzed in the laboratory of the Assay
Branch, and the material samples and all methods verification analyses were
performed by the laboratory in the Technology Branch. Laboratory quality
assurance overview was provided by Battelle personnel.
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6.0 A N FOR PILOT TESTI

6.1 Installation of Coupon Holders and Desian of Coupo acement

After the test structure was delivered to DPG, it had to be installed in
the test chamber and the instrumentation tested. This section describes the
pre-test oreparations which included coupon holder installation, air flow
measurement, and burner modification and checkout.

The locations for the coupons were marked on the inside walls of the test
structure according to the placement specified in Figure 6-1. A template and
hammer drill were then used at each of these marked locations to drill out the
holes for the mounting clips. Lead tampins were inserted in each of the
holes, and the mounting clips described in Section 5.2 were screwed in place.

The test design cailed for all coupens to be spiked and mounted on the
walls with their spiked faces facing into the test structure, except the 3
coupons marked in Figure 6-1. These coupons were to be spiked and mounted with
the spiked faces toward the wall to approximate agent in concrete at depth. In
addition, a 5 inch diameter circular plug of concrete, the “sunken coupon” of
Figure 6-1, was spiked on the bottom and inserted into a 4 inch deep hole cut
out of the unpainted concrete floor. This coupor was designed to simulate HD
contamination at depth. Analysis of coupon no. 15, 25, 35 and this plug would
help determine the efficiency of the hot gas process in destroying HD at
depth in concrete.

To simulate a spill of HD onto concrete, two 20 x 20 inch areas on the
painted and unpainted sections of the concrete floor were ridged in concrete
caulking. A controlled spike was delivered to each of these two confined
areas and allowed to soak into the concrete for about three days prior to the
burner startup. Samples from the spiked areas were collected by drilling and
extracting the pulverized concrete (see Appendix B). Drill samples from the
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concrete wall beneath coupon no. 15, 25 and 35 would be collected as well to
determine i¥ detectable HD had migrated into the concrete wall from the
spiked coupon faces.

6.2 Air Flow Measurement

Prior to the test, the system was operated with ambient air, primarily to
verify that:

1. negative pressure (-0.1 to -0.2 in water column) could be maintained
inside the test structure, and

2. air flow in the exhaust duct, after dilution and before the 1200
acfm carbon filter, was at least 1000 acfm.

Negative pressure was required in the test structure to prevent HD
contaminated gases from leaking into the test chamber; low pressure was needed
to minimize in-leakage, The exhaust system was cooled with dilution air to
protect the carbon filters which can sustain a maximum temperature of about
4000F. A minimum flow of 1000 acfm was maintained.

Other system flows which were required as g¢2neral data input were the
combustion air flow and exhaust flow prior to dilution through the barometric
damper. ’

6.3 Instrument Checkout

The thermocouples in the test structure, exhaust duct, combustion air,
and test chamber were calibrated using millivolt (mv) signal gensrators. Al
pressure transducers were zeveed and calibrated over the full response range.
Using a milliamp (ma) signal from each of the transmitters, all the
indicator/controller readouts in the control trailer control panel were then
standardized to give the correct roadouts.

Each Magnehelic pressure gqauge was zeroed and checked against the
corresponding pressure transducer readout in the GP-DAS trailer.
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6.4 Burner Modification and Startup

The system equipment furnished by the building contractor was not
adequate to provide automated control of fuel flow to the burner. Blair-
Alexander Engineering {supplier of the burner) was contacted to provide
initial adjustment and light-off of the system, as well as to modify the
system to make burner centrol more fully automated. Blair-Alexander
Engineering provided the foliowing equipment for this modification:

1. high temperature cut-off,
2. temperature controller,

3. two thermocouples, and
3.

motor for the fuel control valve.

Following the installation and wiring of these components, the fuel valve
"i was sized and the 0-100% span was set on the valve control metor. OQuring the
initial startup of the burner, it was determined that a constant combustion

N air flow of 60% of maximum gave the best 1ighi-off and flame '
' §§ throughout the burner operating range.

Startup and operational procedures for the actual test are detailed in
the Burner SOP (Appendix D).

»
ot

=

S 7 AR R R AT e Y A R A A R R A A e v b M b s s a m e . R~ s R8O R
A A A AL A AN S ph . R SR R W e e e P The Sk 150 S0 DR TR Wi, A P . Yo I R R P R IR T i AT PRl SCELTY Y




Cpam3anAIS 3591 29 d4nbd

i

$4043%1d JuDLE ) b3

asgueYy) LRIUTLUCALAUT BUY Ut AQuassy 4auang pue?

" .




7.1 Background Data

Before the testing began, tiie thermocouple and pressure transducers were
calibrated and background data such as temperature, pressure, and air flow
rates were taken by the data acquisition system. The calibration provided
confidence in the readings and the background data provided a point of
reference for the balance of the test. Background chemical analysis samples
were also taken on July 16, 1987. Tiese samples included concrete floor
samples (oowdered concrete from drilling 3/8 inch diameter holes 3/8 inch to
1/2 inch deep) next to the floor spill areas and wipe samples from the floor
and wall. Air samples were taken using bubblers and an ACAMS.

The bubblers were nlaced at the following locations (Figure 7-1):
. East Floor--air next to test chamber on solid block wall side
. West Floor--air next to test chamber on burner side

. Upper Door--air in test structure 2 feet above the floor, collected
from the second from bottom pipe nipple in door

. Lower QOoor--same as above, except collected from the buitom pipe
nipple in door

. East Exhaust--east side of exhaust before dilution with water cooled
condenser

®  West Exhaust--west side of exhaust, same as above
. Pre 1200 acfm--exhaust after cooling air dilution
) 1200 a~fm Exhaust--exhaust after carbon filter

®  Burner Fan-- air near burner blower air inlet

. Soil Area-- air between the soil base and the test structure’s 6-
inch thick floor underneath a spiked floor spill area.

Two other bubblers were uscd for monitoring ocutside of Building 3008 for
safaty purposes. These results were also reported.
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The ACAMS sample was taken using a tee in the sample line to the East
Exhaust bubbler after the condenser. The ACAMS is an on-line monitor that
provides an updated reading every 8 minutes. The bubblers used 10 milliliters
of hexylens glycol to collect material for an approximate 6-hour sampling
period of agproximately 1 liter per minute of air pulled through the bubbler
(0.1 mg/m) equals approximately 0.003 mg/m3).

The background data collection continued during the coupon spiking
operation and during the three days after spiking before the burner was fired.

7.2 Decon Testing

On July 17, 1987, between 0900-1000, the coupons were spiked with
approximately 7.6 ml of a 2.0 weight percent solution of HD in hexane to
deliver 95 mg of HD to each coupon. After the coupons were placed into their
holders in the test structure, the floor spill areas were spiked. The test
structure was then closed. The ventilation blowers remained on to keep the
test structure at negative pressure and pass the exhaust through the 1200 acfm
activated carbon filter. Data and air samples were taken over the weekend
while the HD was allowed to soak into the test structure. The ACAMS responded -
to the HD in the test structure. The reading was over 20.0% after spiking.
Before the burner was started July 20, 1987, the ACAMS reading had decreased
to 0.23%.

The burner was started July 20, 1987, at 0916 at a controller set point
temperature setting of 2000F. The ACAMS reading rose rapidly, responding to
the start of the burner. At 1000 the burner centrol set point was raised to
2509F and the ACAMS reading was 3.00".  The test exhaust temperature was
1929F, The burner control set point was raised 509F every hour until it
reached 4000F, after which it was held at this setting for 6 hours. Ouring

*Reading is number times 0.003 mg/m3.




32

this heat-up period, no steam was observed coming from the exterior of the
test structure. The ACAMS reading peaked at a value of 4.30* at 1022 and
decreased after this point. The exhaust bubblers and ACAMS condenser cooling
water were turned on at 1200 when the exhaust temperature reached 284°F.

The burner control set point was raised in increments of 509F every hour
to 7500F, starting at 1900. The ACAMS responded to the temperature increase
with an increase from 0.3* to about 0.9% at 2200.

When the bubblers were changed at 2400 it was noted that the bubblers
that were sampling from the exhaust and from the test structure air were
filled and overflowing with water that had condensed in the condenser ani/or
sampling lines. The water also had flowed into the ACAMS, which made the
ACAMS readings questionable for the balance of the test. The water in the
bubblers prevented those samples from being analyzed. Water traps were
installed in the bubbler sample lines to help alleviate this problem for the
rest of the test.

Also at this time, 2400, July 20, 1987, steam was visible at the seams of
the metal covering the insulation on the exterior of the test structure. The
outside wall temperatures were near 200-2120F at this time, indicating that
moisture was being dviven out of the concrete. Water had been collecting in
the bubbier that was sampling the air beneath the test structure floor since
about 6 hours into the heatup phase. This water was probably released from the
soil in the test structure base as the tewperature incieased.

During the evening of July 20, 1987 and the morning of July 21, 1987, a
severe electrical storm caused three short disruptions of commercial power to
the GP-DAS data collection system. No serious damage to the data integrity
was sustained. The burner, powered by its own generator, continued
uninterrupted.

The final burner control setting of 7500F was attained at 0100, July 21,
1987. The burner was maintained at this temperature until all the building
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temperatures exceeded 3000F for a minimum time of 1 hour. This condition was
reached by 2000 on July 21, 1987, 35 hours after the burner was fired. The
burner was shut off at 2020 at the same time that the bubblers were switched.
This started the cooldown period. The cooldown period was ended 38 hours
later when all the test structure internal temperatures dropped to 1050F or
less.

The burner air blower was kept operating to blow cooling air into the
test structure along with the cooling air entering the structure from the
cooiing air inlet duct. As the exhaust temperature leaving the test structure
decreased, the dilution air inlet damper was closed to pull as much cooling
air through the test structure as possible without exceeding the temperature
limit to the inlet of the carbon filter. Cooldown ended at 1000 July 23,
1987, and the cest structure door was opened.

7.3 Post Testin

Photographs were taken of the test structure after opening and before the
coupons were removed. After photographing the test structure, the coupons
were removed and placed in unused plexiglass boxes for transport to the
chemical laboratory for analysis, which included analysis of surface wipes of
the coupons and also amalysis of selected concrete coupons that were
pulverized and extracted.

Swab samples were collected from the test structure at the follewing
locations:

. in each of the floor spill areas
. near the spill areas on the floor, painted and unpainted
e  each wall, painted and unpainted

e ceiling.
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Concrete drill samples were taken from each of the floor spill areas and
areas outside the spills. Concrete drill samples were also taken on the walls
under coupons No. 15, 25 and 35, which were placed with the spiked face toward
the wall. Other samples taken included 2 vials of paint chips that were
removed from the metal wall and fioor beam, and four soil samples taken about
18 inches in from the wall under the test structure. Both pre-test and post
test samples collected and analyzed are listed in Tables 7-1 and 7-2.
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PRE-TEST BLANK SAMPLES

LABORATORY
SAMPLE NO.
7
72
81
82
C1
€2

3

c4
C5
cé
¢7
c8

c9
cl0

LOCATION OF SAMPLE/
TYPE OF MATERIAL

Steel, coupon

Painted steel, coupon
Concrete, coupon

Painted concrete, coupon
Painted concrete, floor

Painted concrete, solid
block wall

Painted concrete, hollow
block wall

Concrete

Concrete, floor
Painted steel, ceiling
Steel, ceiling

Concrete, solid block
wall

Painted concrete

Concrete, hollow block
wall

TYPE OF
SAMPLE
Swab
Swab
Swab
Swab
Swab
Swab

Swad

Swab
Swab
Swab
Swab
Swab

Swab
Swab
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LABORATORY
SAMPLE NO.
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10
11
12
13
14

15

16
17

18

19

20
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TABLE 7-2. POST-TEST SAMPLES

LOCATION AND TYPE
OF MATERIAL

Steel, unpainted

Steel, painted

Painted Floor Spill
Painted Steel

Unpainted hollow concrete
block

Unpainted concrete

Hollow concrete block,
painted

Floor spill, unpainted
Concrete, painted
Solid concrete block,
Steel, ceiling

Solid block, painted
Soil, painted

Soil, unpainted (under
spill area)

Wall, solid concrete,
upder #35

Wall, concrete, under #25

Wall, hollow concrete,
under #15

Unpainted concrete, floor
spill area

Painted concrete floor
spill area

3011, painted under spill
area

SAMPLE
TYPE

Swab
Swab
Swab
Swab
Swab

Swab
Swab

Swab
Swab
Swab
Swab
Swab
Soil
Soil

Drill

Drill
il

Orill

Drill

‘ Soil

SOLVENT
EXTRACT

Hexane
Hexane
Hexane
Hexane
Hexane

Hexane
Hexane

Hexane
Hexane
Hexane
Hexane
Hexane
Chloroform
Chloroform

Chloroform

Chloroform
Chloroform

Chloroform

Chloroform

Chloroform
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TABLE 7-2. POST-TEST SAMPLES (continued)

gg LABOROTCRY LOCATION AND TYPE SAMPLE SOLVENT
SAMPLE NO. OF MATERIAL IYPE _ EXTRACT
Ei 2] Soil, unpainted Soil Chloroform
22 Paint from center beam in Paint Chloroform
' a floor
b 23 Steel door paint sample Paint Chloroform
% 24 Standard, HD in
cyclohexane
gg 25 Coupon #05, concrete Swab® Hexane
circular (floor)
26 Coupon 02, painted concrete Swab Hexane
Eﬁ 27 Coupor. 22, painted concrete Swab Hexane
28 ~ Coupon 32, painted concrete Swab Hexane
29 Coupon 35, concrete Swab® Hexane
30 Coupon 10, concrete Swab Hexane
N 31 Coupon 41, steel Swab Hexane
' Eﬁ 32 Coupon 43, steel Swab Hexane
33 Coupon 04, painted concrete Swab" Hexane
34 Coupon 04A, painted concrete Swab Hexane
. 35 Coupon 24, painted concrete Swab Hexane
1 § (broken)
f 2} 36 Coupon 34, painted concrete Swab Hexane
f , 37 Coupon 15, concrete Swab Hexane
' g@ 38 Coupon 21, concrete Swab Hexane
39 Coupon 11, concrete Swab Hexane
40 Coupon 01A, concrete Swab Hexane
41 Coupon 33, concrete Swab Hexane
sg 42 Coupon 42, painted steel Swab Hexane
WO
g
B
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TABLE 7-2. POST-TEST SAMPLES (continued) X

LABOROTORY LOCATION AND TYPE SAMPLE SOLVENT E

SAMPLE NO. OF MATERIAL IYPE EXTRACT 'E
43 Coupon 14, painted concrete Swab® Hexane

44 Coupon 44, painted steel Swab Hexane E

45 Cnupon 45, concrete Swab® Hexane '

46 Coupon 31, concrete Swab Hexane &

47 Coupon 12, painted concrete Swab Hexane a
48 Coupon 13, concrete Swab® Hexane

49 Coupon 23, concrete Swab” Hexane E

50 Coupon 25, painted concrete Swab Hexane )

51 Floor, painted background drill Chloroform §

52 Floor, unpained background drill Chloroform "

»

<

*These coupons were also pulverized, extracted and analyzed after swab samples
were collected.
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8.0 PILOT TEST RESULTS

8.1 Test Structure Integrity

The condition of the test structure after the pilot test is shown in
Figures 8-1 and 8-2. The photographs show the interior of the structure from
the doorway and from the interior looking toward the doorway.

The test structura appeared to be structurally sound and in excellent
condition, although no tests for structural soundness were performed. The
structure showed no visible signs of structural damage as a result of the
thermal decontamination test. There were no cracks in the wall, no separation
of the wails at the corners or ceiling. The concrete did not appear to be
weakened by the heating based on the time required to drill 3/8 inch diameter
holes after the test. The alkyd (Sani-flat) paint used on sections of .ne
floor and walls remained intact on the concrete but chalked and flaked off the
metal. This difference in performance may be related to the higher
temperatures attained on the metal surfaces compared with those attained on
the concrete surfaces,

Several concrete coupons fell to the floov during the test. They remained
relatively intact, with only corners chipped off most of them. The coupons
fell during the test due to the melting of the lead anchors that were used to
install the coupon mounting clips on the concrete block walls and the concrete
wall. In some places, Yead was splattered on the floor of the test structure.

The following was the status of the coupons:

Coupon No. Comments
11 Fallen to floor, 1 large piece, 2 small pieces
13,15 In place on wall, loose
14,22,33 Fallen to floor, intact
12 Failen to floor, 1 large piece, 1 small piece
23,21 In place on wall, loose

AT R S RS D S R N e
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25 Fallen to floor, 1 large piece, 1 very small corner
piece
24 Fallen to floor, approximately 5 pieces
31 Fallen to floor, 2 small coruers missing
35,32,34 In place on wall, loose
41,42,43,44 In place, tight.

8.2 Heat-up Profiles

The temperature heat-up and cool-down profiles of each of the walls and
floor sections are shown in Figures 8-3 to 8-8. The plots begin with the
startup c¢f the burner, which was turned on 80 hours after the test structure
was spiked. The graphs for the poured concrete wall, the solid concrete block
wall, and the hollow concrete block wall compare thermocouple readings from
the interior surface of each wall, middie of each wall, and three locations on
the exterior surface of each wall. The plot for the steel wall displays the
temperature profiltes for halfway up the wall and near the ceiling. The
profiles for the two floor sections contain readings from the interior surface
of the floor, the middle of the floor, the exterior surface of the fleor, and
the soil teneath the flcor ("sand bhox"). Each graph alse contains the
temperature profile of the thermocouple used for burner control for comparison
with the other thermal profiles dispiayed.

The thermal profiles show that for the cancrete walls and the floors, the
interior surface temperatures of the wails heated faster and attained higher
temperatures than did either the middle of the walls or the exterior surfaces.
The thermal profiles of the steel wall paralleled the burner air temperatuve
profile very cigsely.

Figures 8-9 and 8-18 coapare all interior and exterior wall surfice
temperatures. respactively. The steel wall reached the highest temperatures
during the test. The peured concrete wall interior surface reached the highest
tesperatures of ali the non-steel waliz during the heatup phase, ind the

hollow block wall inierjor surface was the least responsive to ihe burner air

- -
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51
temperature. The exterior or the hollow block wall heated up faster and
hotter than both the poured concrete wall and the solid block wall. The
different thermal characteristics of the building materials heated in this
pilot test imply that building construction will be an important factor to the

site-specific design of hot gas decantamination system fieid operations.

Hourly averages for all thermocouples are tabulated in Appendix F.

8.3 Air Analyses

8.3.1 ACAMS Readings

On July 17, 1987, 0900-1000, the test structure was spiked. The
background reading before spiking of the test structure was (.02 on the ACAMS,
which is 0.02 times the time weighted average (TWA) value of 0.003 mg/m3. The
ACAMS monitored the air in the test structure aftey it had passed through the
exhaust but before the entry of the dilution air. The digital readouts (read
by remote video camera) were updated every 8 minutes. After the spiking of
the test structure, the ACAMS readings rose to greater than 20 times the 0.003
mg/m3 value, or approximately 0.060 mg/m3. The ACAMS was responding to the HD
spike. By 0830 on July 20, 1987, approximately 0.5 hr before the startup of
the burner, the ACAMS readings had decreased to 0.0007 wg/m3, or about one-
fourth of the TWA (0.003 mg/u3).

Figure 8-11 is a graph of the ACANS data collected during the major
portion of the heatup phase of the test where most of the ACAMS activity took
place. At 0900 on July 20, 1987, when the burner air blower was started. the
ACANS readings rose from 0.0007 to 6.0013 mg/m3. At 0922, the readings had
risen to 0.602 mg/m3. and the exhaust temperature was 2000F. The ACAMS
readings reached a maximum at 1022 of 0.013 mg/m3. The building exhaust
temperature at this time was approximately 2269F. From that time until
approximately 1700 on July 20, 1987, (the next 7 hours), the ACAMS readings
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Ifell in a fairly smooth curve to the background level. The building exhaust
temperature at 1700 was 3740F, 4

After 1800 on July 20, 1987, the readings began to rise and fall @
erratically during the remainder of the test (until 1000 on July 23, 1987).
Some of the increases may be explained by an increase in temperature of the E

A

-

burner, but, for the most part, the readings were inexplicable. At 2400 on
July 20, water was discovered in the ACAMS, which casts doubt on the readings
after this time and may explain the erratic readings during the previous 6
hours. A water-cooled condenser had been installed in the line that sampled
the exhaust stream to cool the air entering the ACAMS (and bubblers) to avoid

damaging the instruments and evaporating the bubbler sclvents. However, the
water released from the concrete as it was heated and the water produced as
the propane fuel was burned condensed in the samplie lines.

g
A
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8.3.2 Bubbler Analyses

=
Of the 12 bubbler stations serviced during the total operations, only 5 h
showed any values above the TWA of 0.003 mg/m3 during any time of the K
operations. These stations were as follows: Lower Door, Upper Door, East E
Exbaust, West Exhaust, and the Under Spill Area.
%
The Lower Door station graph is shown in Figure 8-12. This station drew
air samples from inside the test structure near the floor at a location g
approximately four feet from a spiked floor spill area. The hubbler sample ‘
during the spiking operation showed a sharp, 30-fold increase above 2
background, to approximately 0.060 mg/m3. then declined to the detection limit L
by about 48 hours after the spiking operation. The bubbler showed a positive .
reading (approximately 0.006 mg/m3) during the burner startup period and !
during the second six hour period (12 hours total). After this time, water )
produced by the dehydration of the concrete and from the burner entered the g
bubbler and the samples could not be analyzed. Water traps were eventually
placed in the sample lines, but condensate may have trapped HD or HD breakdown :
products so that an accurate collection of contaminants would not be possible. i
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Therefore, analytical values obtained for periods after the initial discovery
of water in the bubbler were treated as suspect and are not plotted on the
graph.

The Upper Door station was about two feet above the lower door location.
The graph for that station (Figure §-13) is similar to the cne shown in the
Lower Door station in that the concentrations during the spiking period were
high and the subsejuent concentrations decreased to almost the TWA by the time
the burner was started. By the second six hours of the heatup phase, the
samples were registering only background levels of HD or HD breakdown
products. Water entered the bubbler during the 0800-1400 period of July 21,
1987, approrimately 24 hours after the test began, rendering the rest of the
data suspect.

The East Ixhaust station sampled the exhaust of the test chamber before
it was diluted with cooling air. The HD concentrations - time curve (Figure
8-14) showed a more subdued response, appreximately a 7-fold decrease, to the
spike than the Lower and Upper Door stations. This decrease, confirmed by the
West Exhzust station results (see below), may be due to lack of mixing of the
purge air eniering the test structure and the air within the structure when
the floor was spiked. The blower air entered the test structure by way of
the damper near the top of the door, and left the test structure through the
exhaust port next to it (see Figure 7-1). The eegative pressure in the test
structure 2ay have caused the inlet air to exit without mixing fully with the
test structure air. Nore thorough mixing of the test structure air probably
occurred duriag the test becsuse the heated air was added at the bottoa of the
dgoor, not at the top next to the exhaust port.

The conceatvations of HD in the bubbier samples of the East (xhausi
station diminished to close to background by the start of the test anrd did aot
significantly change during the period of burngr startup and the heatup phase.
However, the pericd of 2000-0260 on July 21 & 22, 1987, approximately 35 hours
after the tost began and just after the cooldown phase had started, produced a

bubbler sazple concentralion that had increased from backgrourd levels to
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0.018 mg/m3, or about six times the TWA- Because of these rather high and
unexpected values, several samples of the bubbler solutions were analyzed by
gas chromatography (GC) to determine the chemical composition of the
contaminant. D breakdown products were found, hut no HD was discovered.

Sample results from the West Exhaust station showed a simiiar graph to
the East Exhaust station (Figure 8-15). Samples collected during the first
period of the cooldown phase increased from background to about two times the
TWA like the East Exhaust station readings, but immediately declined to below
the detectable limit for the remainder of the test. As with the ACAMS and the
Lower and Upper Door bubbler stations, bcth the East and West Exhaust stations
eventually filled with water and were unable to be analyzed.

The Under Spill Area station, which samplied air between the soil base and
the concrete flooyr just under a floor spill area on the six inch thick floor,
yielded a unique profile (Figure 8-16). During the 18 hours before the
spiking operation took place, three consecutive bubbier samples showed
concentrations of contaminant of two times the TWA (about 0.006 mg/m3). This
value remained constant throughout the spiking operation, increaced during a
six hour period approximately 50 hours after the spike, and then diminished
to background levels. Water entered the bubbler during the period of initial
test heatup, so most of the remaining samples were not analyzed. This profile
suggests that something from the soil used for the soil base of the test
structure gave the bubbler a high background level. Bubbler samples collected
during the last hours of the cooldown (after water traps in the line were
installed) showed no detectable contamination from this station.
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8.4 Sample Analysis

8.4.1 Verification Results

The final objective of Subtask 3, Analytical/Sampling Methods, as decided
by USATHAMA, was to provide analytical methods that could be used to determine
the effectiveness of the decontamination process to be evaluated. After the
initiation of the program, there was a programmatic change that resulted in
two significant alterations of Subtask 3 objectives. The major modification
was the deemphasis of the certification testing that was originally proposed.
The objective to verify methods for sampling and analysis of HD in building
material matrices encountered in an existing structure was altered to
verification of methods for sampling and analysis of HD in selected building
materials used in the construction of a pilot test facility. Thus the major
objective for this task became to affirm that coupons prepared from various
materials and spiked with HD would indeed yield verifiable and quantifiable
results.

The verification effort required two phases of experimentat:on:
verification that existing published analytical methods, when available, were
operationaliy sound, and development and verification of new sampling methods
where no existing methods could be identified. This process was followed for
“both analytical and sampling techniques for HD contaminated painted and
unpainted concrete, mild steel, and soils.

Experiments were conducted for determining the recovery efficiency of the
methods using kaown spiked concentrations of HG from concrete, metal surfaces,
and ‘soils. A report documenting methods development and standard operating
~procedures for sampling  and éﬂaiysis of HD contaminated materials was
~completed prior to the initiation of the pilot testing (see Appendix B). The
methods verified were for the follgwing:
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1. Solvent extraction method for HD from pulverized concrete.

Sampling procedure for the generation of pulverized concrete samples
via drilling solid concrete structures.

3. Analytical screening technique for the detection of HD on the
surface of unpainted concrete and steel.

= o2 = ok S5

4. Analytical technique for removal of HD from painted steel surfaces.

5. Sclvent exiraction method for HD in soil.

R 2S5

-~

The method verification testing was conducted at both the Battelle
facility and the Dugway Proving Ground facilities yielding the results in
Table 8-1. The methed for calculating the Theoretical Detection Limit is
detailed in Appendix B.

The results of the method verification experiments for assessing the
effectiveness of the hot gas decontamination process imply that the sampling
and analytical techniques evaluated can detect HD from pulverized concrete,
the surface of painted or unpainted concrete and steel, and in soils. The
results of the sampling process developed for tha collection of pulverized
concrete samples at depth (see Appendix B) does not destroy HD as it samples.
The methods for extracting HD from pulverized concrete or soil are suitable
for quantitative analysis.

-
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The results of surface swab technigues indicates that these methods are

e suitable only as a screening methed to determine if HD is preseat on a
}‘53 surface. The results of the swab experiments indicate a large discrepancy in
' % the recovery data. This discrepancy was determined to be the result of

Ef changes in the length of time after exposure to HD. The initial experiments

_ conducted by Dugway were perfortied with a minimum length of time between
I‘QQ exposure and swab. This was determined not to be representative of test
: conditions and the recovery experiments were repeated using an approximately
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30 minute exposure period and results agreed well with the studies conducted
at Battelle.

2 o &8 &= € ¢

£ BB

f &

E5ER




64

TABLE 8-1. RESULTS OF METHOD VERIFICATION STUDIES.

Method Battelle Dugway #1 Dugway #2 TDL
Pulverized Concrete 95% 91% 90% & 95% .5 ug/g concrete
Extraction

Soil Extraction 96% 75% .7 ug/g soil
Concrete Swab 4.2% 67% 8% 10 mg/in?
Painted Concrete Swab 100% 29% 2.76 mg/in2
Steel, Swab 100% 80% 1.0 mg/in2
Painted Steel Swab 80% 96% 69% 1.2 mg/int

* Recovery From Painted Concrete Surface
TDL  Theoretical Detection Limit
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8.4.2 Results of the Post Test Samples

No HD was detected above the theoretical detection limits in any sample
subjected to the hot gas decontamination process.
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T:Jf 9.0 PILOY TEST ENVIRONMENTAL AND SAFETY REQUIREMENTS

The decision to conduct the pilot test at DPG in an environmentally
controlled test chamber eiiminated the need for obtaining environmental
permits. It was possible to run the exhaust stream through a charcoal filter
system, which controlled the release of possible pollutants to the atmosphere
and eliminated the need for an afterburner.

Army safety regulations relevant to the pilot test at DPG were
identified, -collected and reviewed. Since DPG personnel actually ran the
pilot test, DPG was responsible for on site safety during the spiking
operation and the test operation. DPG policies and other applicable safety
and surety regulations were followed by all participants.
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16.0 CONCLUSIONS

The following conclusions from the pilot test results may be drawn:

The hot gas decontamination process, as demonstrated in this
first large-scale pilot scale test, effectively removes
chemical agent HD from painted and unpainted concrete and
painted and unpainted steel. Low concentrations of HD that have
been absorbed into concrete decrease to levels beiow
theoretical detection limits available by the best available
technology (500 ppb, see below) when subjected to the hot gas
process. Use of the hot gas decontamination process initially
results in the release of measurable concentrations of agent
in the purge gas exhaust stream. The agent concentration
decreases to below detectable levels as the process is
continued.

The engineering aspects of implementing the hot gas system are
well defined. Beyond site-specific modificatiens, no major
changes to the hot gas burner system or .etup are needed to
make the design field-ready.

The laboratory methods verification study shows that the
methods for extracting HD from pu'»erived concrets and soils
work well and give verifizble, o..atitative results. The
theoretical detection Vimit for t:is method is approximately
0.5 ug of HD/g concrete or soil, or about %500 ppb.

Sampling concrete in the field to decihs of about two inches
_ from the surface is possible by pulverizing the concrete with
an electric drill and collecting the fines for analysis. This
methed is appropriate for collecting samples of up to 10 grams
of concrete. '
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® 5. Sampling the surfaces of unpainted and painted steel and
concrete is possibie by wiping a cotton swab on the surface and
extracting the swab with solvent. However, this method is
strictly a screening technique and should not be used for

e quantitative purposes because the recovery of HD is not
statistically verifiable.

6. The hot gas process did not cause visible structural damage to
" a small concrete and steel building in which the gas
temperature was held at 7509F for 19 hours, and the wall
temperatures exceeded 3009F for one hour. However, no
structural testing was conducted. Paint remains intact on
concrete surfaces, but chalks and flakes off the steel
surfaces.
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11.0 RECOMMENDATIONS

This study of a hot gas decontamination process is the first time that
building materials were heated while effluent HD was sampled and analyzed.
The study was successful and, as would be expected, many lessons were learned
that will be useful in making subsequent work in this area more effective. The
nature of the results and conclusions as well as the practical experience
gained from this study suggest some recommendations for future activities and
further research.

During the pilot study large amounts of water were released from the
concrete as it was heated. To avoid air sampling complications, future
efforts should utilize specialized stack sampling apparatus designed for ACAMS
application to furnace exhaust stacks. Off-gas sampling by solid sorbent
technology should also be used in future testing. |

In order for the hot gas decontamination technology to be used with a
high rate of confidence, a sampling protocel will have to be developed that
will reliably demonstrate the complete removal of agent frum real buildings.
Because of the fact that no residual agent concentration criteria exist for 5x
decontamination, the limits eventually decided upon will undoubtedly be based
upon the analytical capabilities developed to detect these residuals.
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The abiiity to sample and analyze contaminated (or uncontaminated) bui'ding
materials adequately needs to be developed and refined during the next phase
of the program in order for the technology to gain credibility.
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APPENDIX A
SUBTASK z - DESIGN REVIEW




SUBTASK IT REPORT

DESIGN REVIEW

INTRODUCTION

The purpose of this subtask was to review the Report of Phase
IT of this effort as it relates to thermal decontamination of structures,
particularly Appendix VI in Report AMX-TE-TR-85012. As part of this
review, a tentative design was prepared for che equipment needed for
the tests on building decontamination. The tentative design used the
generic information in the Phase II and converts it into a specific
design for the present program.

This subtask report was prepared early in the program and
is intended to provide interface information to the other subtask
leaders.

In the present program a small room will be built and
contaminated with mustard. The hot gas concept will then be used to
decontaminate the building. The test will be performed in the Defensive
Testing Center at Dugway Proving Grounds.

The major difference in the decontamination requirements
of this test and the generic buildings described in the previous report
is that the size of the building to be decontaminated in this test
~is much smaller than the buildings listed in the report. Because of
the smaller size, the heating rate of the building can be much faster
than the rates suggested in the Phase Il report.

DESIGN REVIEW

Combustion Systems

The combustion systems recommended in the report are acceptable
and adequate for the generic buildings they were designed to
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decontaminate. The design did not address the needs for controls on
the burners or for heat distribution within the building, important
items for a specific design but beyond the scope of the Phase II design.

Temperature Limit

The maximum heating of the building was not addressed, nor
was the rate of heating. Other narts of the report indicated concrete
was not seriously damaged when heated to temperatures below 750°F.
Overheating of the concrete could make the building unusadble or in
some cases, dangerous to enter following decontamination.

Heating Rate

Various parts of the building will heat at different rates.
Thin walls and equipment within the building will heat to the gas
temperature rapidly. The outside of thick walls and the floor may
take days to heat to decontamination temperature. The Phase II report
did not address wetheds of preventing overheating of parts of the
building while other parts were still below decontamination temperature.

Afterburner

The afterburner design parameters have been standardized
for agent destruction (2 seconds at 2,000°F) and the Phase II report
follows these standards.

An afterburner is not required for the proposed experiments
because the DTC at Dugway prevents agent release to the environment
by the use of carbon filters,

Hot Gas Cooling

In the Phase Il report, the three variations of the hot gas
concept shown in Figure 1 were evaluated. The quencher concept, Figure
1C, was selected because it provided for redundant agent capture. The
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cost differences among the three methods were less than the probable
errors in the estimating techniques.

An afterburner will be needed when the hot gas decontamination
method is used in the field. The hot gas from the afterburner reguires
cooling because an induced draft fan is necessary (for safety reasons)
to maintain a negative pressure on the building being treated, as well
as on the afterpburnei. Fans that operate at temperatures over about
600°F are very expensive. Therefore, the flue gas must be cooled below
600°F before it fiows into the induced draft fan. The Phase Il réport
evaluated three methods of cooling the flue gas: quencher cooling,
diluent air cocling, and heat exchanger cggling. The quencher method
of cooling was recomicnded. However, in this review, we reevaluated
these three methods and found that dilution air is to be preferred.
Dilution air is the simplest method and requires minimum capital cost.
It requires the least equipment and it could be moved with minimum
difficulty. Since the decontamination equipment wiil probably be moved
to each building to be contaminated, portability is a major advantage.
The quencher requires somewhat more equipment and also requires dispgsal
of a liquid waste stream. Disposal of a liquid waste may be & problem
at some sites and was not considered in the Piigse II analysis. The
heat exchange method of cooling requires considevably more equipment
than air dilution cooling end, therefore, is rejected ijn this
application. The preferred cooling method 1is application specific
end this recommendation for air dilution cooling should ndt be
extrapolated to other applications. The dilution air method of cooling
is not usually preferred 1in applications where long term continupus
operation is expected or in applications where equipment other than
a low pressure induced draft fan is downstream of the cooler.

DESCRIPTION OF DEFENSIVE T7ST CENTER

A structure built for the test will be decontaminated at
Dugway Proving Ground in the Defensive Test Center (DTC). The DTC
is in a remote area at least a mile from other structures. The DTC
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is a building with inside dimensions of about 25 feet wide, 50 feet
long and 20 feet high. A door at one end opens the full 25 feet and
is 19 feet high. The entire building is lined with stainless steel.
Allowable floor loading is not available. The floor is on grade and
is stainless steel over concrete. Concrete floors on grade typically
have an allowable loading of 650 pounds per square foot. The walls
are stainless steel on the inside and galvanized steel on the outside.
Six inches of foam (polystyrene) insulation separates the two walls.

The building is ventilated through HEPA-carbon filter systems
in both the inlet and outlet. The outlet has a nominal capacity of
6,000 cfm and the inlet, 4,000 cfm. A control system balances the
flow to maintain a predetermined negative pressure. The inlet filter
is to prevent agent from escaping in the case of power failure. The
inlet air can be temperature controlled between -40°F and +160°F. A
60 ton air conditioner is used to cool the building. Electricity is
used for heating. In addition, a venturi scrubber tan be used to remove
agent from the chamber. Ougway personnel could not provide information
on the flow rate. However, 12-inch ducting and a 4x9-inch yenturi
throat would indicate a flow of about 5,040 cfm. The exhaust is returned
to the test chamber.

Rooms acdjacent to the main rgom are used for equipment and
controls. Many electrical and theriocouple leads penetvate the wall
between the test chamber and the control coom. The conteGi rocs contains
a computer used largely for data recording. Agent monitors [RTH and
Morans) could be placed in this room.

The 500 KW power used by the tegst facility is supplied by
a long power line. Two 100 KW portable generators are used a: backup.
Since we will not require refrigeration, additional gemerators probably
i1l not be required.

Water i5 trucked to the site. Agent conltaminated water muglt
be trucked to CAMDS for incineration. Other water can be treated by
Dugway and discharged.

Fuel is not available. Presumably, a ¢tanker loaded witii
propane will be brought to the site and used during the test.
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The elevation at Dugway is about 5,000 feet. Therefore,
all gas flow calculations will require pressure correction.

Since Dugway will perform all operations using agent, Battelle
personnel should not require protection; however, Dugway can furnish
masks and clothing. Dugway's regulation on mustard is that if the
concentration in air is less than 0.003 mg per cubic meter, the area
can be entered without protection. If the concentration is between
0.003 and 0.5 mg per cubic meter, the area can be entered in Level
A clothing. The time of entry is limited by heat stress rather than
agent. If the concentration is above 0.5 mg per cubic meter, entry
is prohibited. These limits may effect the method of contaminating
our test structure.

Once the test structure is contaminated, it will have to
be heated to 1,000°F to be 5X decontamined.

Dugway has a chemical lab and has capability for sampling
and analysis.

SERVICES REQUIRED

The major services required are electricity, fuel, compressed
air and water.

The electric service is required during operation for the
burner blower, for ignition of the burner and for controls. A 1 1/2
HP motor probably will be specified for the blower. The controls should
take less than 5 KW. Construction will require welding and, therefore,
about a 10 KW power source. The OTC building is equipped with a 500
KW source. During these tests the DTC equipment is expected to use
less than 100 KW so no additional power should be required.

A fuel source is required to supply up to 25 1b/hr of propane.
The total usage 1is expected to be about 500 pounds. However. 1,000
pounds should be on site at the beginning of a test unless a method
of rapid resupply 1s available.

Compressed air 1is required for instrumentation. About 10
cfm at 100 PSI is required. If an instrument air supply is not available
at the DTC, a supply can be purchased for about $3,000 or perhaps rented.
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Water 1is required for the venturi. About 100 pounds/hour
will be evaporated during the test. In addition, an initial charge
for the venturi system of several hundred gallons will be required.

TENTATIVE DESIGN

Two major items are required for the project, a building
to be contaminated, and a method for decontaminating the building.

The proposed structure is a 10-x 10-x 8-foot building with
a steel door frame in one wall as sketched in Figure 2. Each wall
of the building will be made of a different material, one of 12-inch
thick concrete, one of solid cement block, one of hollow cement block,
and one of 1/4-inch steel plate. The floor will be one-half 12-inch
thick concrete and one-half 6-inch thick concrete. The entire structure
will be mounted on a sand base. The top of the sand and the building
floor will be 2 feet above the floor of the DIC. A steel door frame
will be built into one of the concrete block walls. Penetrations for
heating, cooling, and room exhaust will be through the steel wall or
ceiling. The entire structure wili be insulated with high temperature
fiberglass insulation of at least a R-10 rating. Thermocouples for
measuring heating rates will be located at a later design stage.

Heater Design

Figure 3 is a sketch of the floor and controls needed for
heating the room. The inlet and outlet filters, as well as the venturi
are part of the DTC. [he room heater is a burner mounted on the wall
of the test chamber. A high velocity nozzle is selected to stir the
air in the room eliminating the need for heat distribution baffles.
A thermocouple in the room actuates a control to modulate the fuel
flow to the burner. A constant air flow to the burner will be used.
The burner maximum capacity will be in the 500,000 Btu/hr range. Its
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minimum capacity wiil be in the 100,000 Btu/hr range. In operation
the temperature control setpoint will be ramped up to 750°F at a rate
(100°F per hour) which should not damage ti concrete and then controlled
at 750°F until the outside walls and floor of the building reach 300°F.
A 300°F temperature will be maintained for one hour and then the burner
will be turned off. A damper to allow cool air to enter the test
structure will be opened and the building cooled. The damper will
be sized to allow about 1,000 cfm to enter the chamber, but the flow
will not be otherwise controlled.
The major design parameters are:

Burner rating - 500,000 Btu/hr
Burner Gas Velocity - 500 ft/min at rating
Burner Excess Air - Stoichiometric at
max fire
Building Pressure - 0.2 in. negative
Propane - minimum 1000 1b
on site
Cooling Air - 1,000 cfm
Max Room Temperatura - 7150°F
NMin Qutside Wall Temperature - 300°F

The only design parameter that is critical is the 300°F on
the outside wall, a temperature which must be maintained for one hour
to assure decontamination, Most of the other parameters <an vary by
25 to 50 percent without affecting equipment performance or test results.

Gas Cooler Desiga

The gas from the test chamber will be at 750°F, too hot for
the fan in the venturi scrubber. However, for efficient operation
the venturi needs a high air velocity and, therefore, a high flow rate.
The air required for efficient venturi operation is much greater than
needed for cooling. The dilution air will be controlled by a barometric
damper which will be adjusted to maintain 3 negative pressure in the
test chamber.
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Equipment with Long Lead Time

The equipment required is all conventional and should be
close to off-the-shelf. The major time required is expected to be
for assembly and checkout. The concrete and mortar in the building
should cure for at least 30 days with 90 days preverred.

WASTES GENERATED

The major waste generated will be the building following
the test. While it is net expected to be contaminated, present rules
require that it be heated to 1,000°F to assure agent destruction. This
will not be done during the test. For decontamination it should be
heated te 1,000°F and then buried. The structure will weigh about
30-40 tons. The outlet filters on the DIC may need changing foliowing
the tests. |

Waste water will be generated in the venturi scrubber, from
buiiding washdown if needed and from personnel decontamination. The
quantity generated should be small and base disposal should handle
it. : : |

The waste from sampling should alse be small and it should
be disposable at Dugway.

DATA REQUIREMENTS

The operating dats requirements are of several types: control
data, dats to determine that the equipment is operating satisfactorily,
and data to correlate with agent removal from the structure. These
data will be temperature, pressure, and agent concentration data. Table
1 lists temperature data required. Table 2 lists pressure data recuired.
Table 3 lists flow data veguired. Table 4 lists agent concentration
data required. Table 5 lists miscellaneous data. These data are not
expected to change rapidly. If recorded manuslly they should be taken
hourly. If computer recorded, they should be taken at about 10 minute
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TEMPERATURE DATA REQUIRED

Location

Function

Inside Room

Inside Concrete Wall
Middle Concrete Wall
Outside Concrete Wall
Inside Solid Block Wall
Hiddle Solid Block Wall
Outside Solid Block Wall
Inside Hollow Block Wall
Middle Hollow Block Wall
Qutside Hollow Block Wall
Steel Hal?

Steel Cailing

Inside 6-inch Floor
Qutside 6-inch Flaor
Insige 12-inch Flgor
Middle 12~inch Floor
Outs.de 12-inch Floor
Bottom Sand

0YC Room

Buct from Test Room

Duct to Scrubber

Ouct from Scrubber

Control Burner
Agent Removal
Agent Removal

End Test
Agent Removal
Agent Removai
Agent Removal
Agent Remuval
Agen” Removat
Agent Removail
Agent Removal
Agent Removal
Agent Removal
Agent Removal
Agent Removal
Agent Removal
Agent Remaval
Agent Removal
Flow Calculations
Flow Calculationg
Flow Calculations
Flow Calculatipns

23]
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PRESSURE DATA REQUIRED

Barometric Pressyre

Pressure
Pressure
Pressure
Pressure
Pressure
Pressure

Prassuyre

in OTC

in Test Raooam

in Blower Fan Qutlet

in Propane Tank

in Venturi Blower Qutlet
Drop OTC Inlet Filter
Orop DTC Qutlet Filter
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TABLE 3. FLOW DATA

Air ~ Burner Blower

Propane ~ Burner Blower

Air - From Test Chamber

Air - Cooling--To Test Chamber

TABLE 4. AGENT CONCENTRATION

Test Chamber - Gas Qutlet
DTC Room

TABLE 5. MISCELLANEOUS DATZ

Weight - Propane in Tank

Level - Fluid in Venturi Storage Tank
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intervals. Data on propane level, venturi water level, test chamber
temperature, and DTC pressure should be manually recorded to assure
that the operators are monitoring the process.

HEAT TRANSFER ANALYSIS

The heat transfer analysis was made on a preliminary basis
to determine the equilibrium temperature in the walls and floor and
to determine the time needed to heat the outside of the walls and floer
to above 300°F. In each case the gas temperature in the riom is assumed
to be controlied at 750°F, a %emperature limit impcsed because higher
temperatures significantly damage the concrete. In addition it is
assumed that the outside of the sand under the building and the air
in the DIC are msintained at 80°F. The gas-~soiid heat transfer
coefficient is assumed 3.0 Btu/hr ft2°F both inside and outside of
the building. The insylation is assumed to have a R-10 valve,

Equilibrium Temperatures

Table 6 lists the equilibrium temperatures in the structure.

Transient Temperature

Table 7 lists the time required for the entire wall or floor
to reach 3N0°F. The time required tc heat the outside of the wall
to 300°F was estimated using a Hotte! chart. This method sssumes the
insulation nas zero conductivity. The temperature on the outside of
the fleor was estimated using & Gurney-Lurie chart and assuming the
sand has the same properties as conrrete, This assumption shauld resuit
in a time to heat the floor longer than actualily required.

As seen from the Table 7, heating the floor takes longer
than any other surface. In addition, the time to neat 1; sansitive
to the soil underneath it. [If the soil has a high thermal conrductivity
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EQUILIBRIUM TEMPERATURE IN STRUCTURE, °F

Inside Qutside Outside
Gas Wall Wall Insulation
Cailing 750 730 730 100
Stoal Wail 750 730 730 100
Concrete Hu)l 750 733 606 97
Sotid tlock Wall 750 732 641 98
Jlo1low Bloch Wall 750 732 626 98
Floor, 12-inch 750 722 415 30
TABLE 7. TIME REQUIRED TQ HEAT QUYSIDE
OF STRUCTURE TO 300°F
Surface Time, hr.
Steel Ceiling 9.25
Steel Wall 0.25%
12-inch Concrete Wall 15
g-inch Concrete 8Block Wall 8
Hollow Concrete Block Wall 2

12-inch Floor
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typical of wet soils, the floor may never reach temperature. If the
soil is a good thermal insulator, the floor could reach temperature
in less than 24 hours.

Burner Duty

The heat required of the burner is the sum of the heat lost
through the test structure walls and in the flue gas from the building.
Assuming 150 SCFM of flue gas is exhausted, the heat in the flue gas
is about 115,000 Btu/hr. This allows for 40 SCFM of inleakage air.
The building must be very tight to limit the inleakage to 40 SCFM.
Each additional SCFM of inleakage will increase the heat required by
about 750 Btu/hr. At equilibrium, the heat loss through the building
is about 30,000 Btu/hr. The heat stored in the building is about
4,000,000 Btu. To heat the structure in about 12 hours, a 500,000
Btu/hr burner is required.

Afterburner

The afterburner shown in the Phase Il design is not needed
because of the venturi and carbon filter agent removal system built
into the DTC. The maximum burner output is 500,000 Btu/hr. With 4,000
Cfm veatilation this heat input would result in a temperature rise
of about 110°F in the DTC. An afterburner would be needed if the heat
release into the DIC caused excessive heating of the DIC. The DTC
has a 60 ton air conditioner which could be used for cooling if needed.
For the type of test needed, a heat release of about 1,000,000 Btu
per hour could be tolerated when using the air conditioner or about
300,000 Btu/hr without the air conditionar, For greater heat releases
an afterburner would be required and the exhaust from the afterburner
would be exhausted directly to outside of the DVC.

Venturi

Because of the wet venturi scrubber, water will evaporate
and the temperature should not rise more than 10-20°F with a 500,000




¥ doulf W Mk Pt W o8 W TEWE U Koo i O WA S il W WL vl o

A-18

Btu/hr input. Also during the heating cycle only about 150,000 Btu/hr
is released into the room and the rest of the energy goes into heating
the test structure. This heat release should be completely controlled
by evaporative cooling in the venturi. At the start of the cooling
cycie the heat release is on the order of 500,000 Btu/hr. This heat
release rate would last for less than an hour. During this part of
the cycle, the DTC temperature would rise, or if desired, it could
be controlled using the DTC refrigeration system.
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APPENDIX B
SUBTASK 3 - REPORT ON THE DEVELOPMENT
OF ANALYTICAL METHODS FOR DETERMINATION
OF HD CONTAMINATION IN OR ON
BUILDING MATERIALS
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INTRODUCTION

Since World War II, the U.S. Army has been involved with the
production, testing, and demilitarization of chemical agents. As
a result of these activities, Govermment facilities including a
variety of process equipment and permanent structures were
contaminated with Chemical Surety Materiel (CSM). When the U.S.
Army stopped production of chemical agents, these facilities were
decontaminated using existing technology and put on an inactive
status. These structures are presently candidates for excessing
actions. This +technical report discusses the experimental
approach followed to develop analytical procedures to sample
structures that have been contaminated during previous agent
activities. The experimental process was conducted as five
individual subtasks. These subtasks were:

% Method development of a solvent extraction process
for HD in pulverized concrete.

% Method developuent, of an analytical procedure for HD
in a solid concrete matrix.

% Method development of an analytical technique for |
the removal of HD from concrete surfaces.

¥ Method! levelopment of an analytical techmnique for
the removal of HD on painted steel surfaces.

% Method developmeat of a solvent extraction process
for HD in soil.

A series of tests were designed within each subtask to evaluate
the mathod of sampling and the proposed analytical m¢thod to be
daveloped. The data enclosed were generated using t'e
experimental approach describsd in each subtask and are the
validation data for each of the proposed test wmethods.

In addition to validation data for the analytical methods,
the method of sawmpling wused in the laboratory is discussed to
provide a basis for the development of the actual field sampling
methods. The sampling wmethods evaluated in the laboratory were
designed so they cwuld be readily adapted to field samplipng with
little or no modification. In addition, the sawmpling methods
were selected in anticipation of the types of samples secessary
for the documentaticn of the decontamination process testing to
be conducted at Dugway Proving Grouand. The testing to be
conducted at Dugway will involve sampling of a structure designed
to evaluate the hot-gas decontamination pracess.

This study was performed for the U. S. Army Toxic and
Hazardous Materials Agency under coantract Ho. DAAALS-B86-D-G001.
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QBJECTIVE

The objective of this study was to develop and test
analytical methods to be used in conjunction with surface and
subsurface sampling methods of concrete, surface sampling methods
of painted metal, and solvent extraction methods for BD within
soil. The amalytical procedures developed were designed so they
could be used to perform an evaluation of the hot-gas
decontamination process for HD at Dugway Proving Ground.

BRXEERIMENTAL

The experimental effort, described within this techmical
report.,, was performed using laboratory-scale operations and neat
HD as the testing CSM. The effort was conducted to determine the
analytical recovery of the methads for HD under similar sampling
conditions as those anticipated for field use and to examine
sampling and analysis artifacts that could present a problem in
the analysis of these collected samples. The recovery for each
method was evaluated on a minimum of two days and the data
combined to establish a method recovery aand theoretical detection
limit. The analytical instrumentation used for these iests was
gaéibrahed daily using the chromatographic cooditions given in

able 1.

Table 1. Gas Chromatographic Conditions for HD Analysis

Gas Chromatograph: Hewlett Packard Model 5280A
Detector: Flame Photometric Detector equipped with a
393 nn filter for sulfur analysis
Colunmn: SE-54 25 m fused silica column X 0.22 am I.D.
2 un £ilm thickness
Carrier Gas: Helium
Carriar Velocity: 28 cu/min.

Temperature Program: 50 C to 150 C programed at 16 C/vin.

Injector Temp.: 200 C
Detector Teap.: 200 C

Transfer Line Tesop.: 200 C

Injection Volume: 2 ul, splitless injection

The experimental protocols followed are attached in appendix
A. give specific details followed for each experiment. A suxmary
of each elfort is presented in the following sections.

—— i ——— a
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1. Method Development. of a Solvent Rxtraction Proceas for HD 1in
—Pulverized Concrets

The objective of +he initial experiment performed was to
evaluate the feasibility of using an organic solvent +to extract
HD from concrete. The concrete was pulverized for two reasons,
one to simulate the samples generated by drilling, and second to
facilitate the extraction process by increasing the extraction
surface area. The concrete was pulverized, using an grinding
mill, to a particle size that would pass through a #4 standard
sieve (600 uM). Individual 10 g samples of the concrete were
weighed into 25 aol, Erlenmeyer flasks with ground glass stoppers.
The weighed concrete samples were spiked with a 0.1 mg/g loading

of HD. The spiked samples were mixed for approximately 15
seconds by shaking and permitt2d to stand for 10 minutes before
being extracted. To extract the samples, a 5 ml, aliquot of

chloroform was added to each flask and the flasks were again
shaken by hand for 15 seconds. The samples werza then permitted
to stand for 10 minutes. After the 10-minute extraction periad,
a 2 mlL aliquot of the hexane extract was removed, filtered, and
placed ir a GC vial for analysis. “he samples were analyzed by
GC/flame yphotometry using the conditions listed in Table 1.
These experiments were conducted over a four-day period. The
experiment. on each of the four days consisted of a sample set of
fivea spiked concrete replicates, a single blank concrete sample,
and a recovery sample. The 1recovery sample was prepared by
spiking I mg 9D in 5 wl chloroform.

olid G te

The second experimental effort was conducted following
validation of the previous effort. This effort Jdetermine whether
HD could be detected in contaninated comncrsate by a sampling and
sample analysis proceas. Data collected indicate that HBD is a
parsistent chemical agent and nay be captured inside concrete
structures contaminatesd by military operati~us. The experimental
effort dovelcpsd a procedure to permit sampling of solid
structures rer the preseace of residual uD. A wmajor
consideration for the sampling effort conducted in the laboratory
waz to develnp a method that could be readily traasferred to the
field. The second consideration was that the racpling procedures
exapined produce 3 minizmum asouant of dust duriang the sanpling
process. This is a necessary requirezent %o ensure safely of the
sampling persconel oand to prevent the spread of possible

centamination. A third consideration was to cininize the azount
of structure dismantling or destruction opeeded is order %o
cellect samples. A fourth cousideraticm was to develop a
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procedure that delivered the concrete in a pulverized state ready
for extraction so additional sample preparation was not needed.

After considering <the possible sampling alternmatives, the
decision to use a drilling technique was made based upon previous
success using this technique for other compounds, and because the
sampling technique satisfied the above considerations. The
decision was made to-use a 1/4 inch masonry drill bit instead of
a larger one to reduce heat caused by drilling. The reduction in
sanple size generated due to the smaller drill size was resolved
by making multiple samplings to collect enough concrete sample
for extraction. The smaller drill size was selected due to a
concern that the heat generated while using a larger drill may
decompose the BD during the sampling process.

The laboratory concrete coupons were prepared using Portland
cement as a 1 inch thick, 5 X 5 inch square coupon. The concrete
samples were marked with a 1 inch square in the center of the 5 X
S inch coupons prior tc spiking. The 1 inch square area was then
spiked with 63.5 mg (50 ulL) of neat HD and allowed to stand for
30 minutes. The spiked coupons were then placed in a lucite box
to prevent the drillings from being entrzined in the fume haod
exhaust.. The marked sample area was then drilled in five
different locations to a 1/4 inch depth using a drill press. The
concrete drillings were collectad by tapping the side of the
iucite box and transferred to a 4-dram vial containing 10 oL of
chloroform as the extraction solvent. The samples were shaken
for at least 15 seconds to facilitate the extraction and allowed
to stand for 10 winutes.

After the extraction period, a 1.5 nl of the sample extract
was transferxrred to a GC wvial for analysis, using the conditions
described in Table 1. The sample vials were left open in a haood
40 permit evaporation of the hexane so that a concrete sample
weight could be taken. The weight of the concrete dust collected
was used to calculate the average BD contamination level in the
samples, The effort was conducted on twe separate days with five
spiked replicates gper day. In addition to the five spiked
samples, five blank concrete samples were alsc processed to
determine whether interferences would pose an analysis problem.
A racovery sample uas alzo prepared by spiking HD in hexane (on
174 the volume spiked on the coupon (12.5 ul) was used because
cnly 174 the total spiked surface was extracted).

This experiment provided a method for removiang ard detnmcting
residual BD on concrete saurfaces by a acn-iavasive techiique.
The sampling method employed was a sur’ace swab technigue
followed by GC analysis. The swab zmethod has been snuccessfully
used as a screening anethod to evaluate surface costamination of
other compountis and provides an excellent field testing cethod.
To perform this task, a series of 5 X § inch square concrete
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coupons were spiked with 95 mg ( 75 ul, ) of BD divided into 16
equally spaced drops of neat agent. The coupons were immediately
swabbed in two perpendicular directions, using a single 2 X 2
iach square cottou gauze pad which had been previonsly extracted
using a soxhlet extractor with hexane as the solvent. The
cleaned gauze pad was saturated with hexane prior to swabbing the
coupon surface. The gauze was handled by forceps during all of
the sampling steps to prevent contamination after the solvent
extraction clean-up of the gauze pads.

After the swabbing process was completed, the gauze pad was
placed into 10 nlk of hexane in a 4-dram vial. The vial was
shaken to facilitate the extraction of the cotton swab. An
aliquot was removed from the 10 mlL extraction volume and placed
into a GC vial for analysis, using conditions described in Tahle
1. This process was repeated on two days with five replicates
per day of spiked coupons. In addition to the spiked coupons,
five recovery samples were generated by spiking 95 mg of neat HD
into a 4-dram vial containing 10 ol of hexane. Five swab blanks
were also analyzed to determine whether interferences would pose
an analytical problem. Dlanks were generated by swabhing and
analyzing a non-spiked concrete coupon as describe above for the
spiked sauples.

This method provided a means for removing and detecting
residual HD on painted wmetal surfaces, The sampling wmethod
enployed was a surface swab techaique followed by GC analysis.
As previously stated, the swab method has Yeen successfully used
as a screening method to evaluate surface contamination of other

compounds and provides a provea field sampling wethod. To
perform this task, 5 X 5 inch square painted metal coupons vers
spiked with 16 equally spaced drops of neat agent. The coupons

were swabbed in two perpendicular directions, using a single 2 X
2 inch square cotton gauze pad which was previously extracted
using a soxhlet extractor with hexane as the solvent. The
cleaned gouze pad was soaked in hexane prior to suabbiog the
coupon surface. The gauvze was handled by forceps to prevent
cootaminaticn after the clean~up extraction of the gauze pad.
After the swabbing process, the gause was placed into 10 &L

of hexane contained ia a 4-dram wvial. The vial was shaken to
facilitate the extractioa of the cottos swab. Ap aliguot was
removed from the sample extract and placed iato a GC vial for
analysis, using conditicns described in Table 1. This grocess
was repeated on two days with five roplicates of spiked coupons
per day. In additiou to the spiked coupons, TFive recovery
sanples were generated by spikimg 25 g of neat 83 into a d-drim
vial containing 10 =L of hexane. Five swabk blanks were also

analyzed to determine if interferemces would pose an apalytical
problec. The blanks were generated by swabbing and arnalyzing a
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non-spiked painted metal coupon as described above for the spiked
samples.

5. Method Development of a Solvent Extraction Process forx HD ip
Soil

This experiment evaluated the feasibility of using an organic
solvent to extract HD from soil. The soil was pulverized using a
mortar and pestle to a homogeneous finely divided sample. The
soil was then passed through a #4 standard sieve to remove any
particles larger 600 uM. The sieved and blended soil was split
into individual 10 g samples and placed in 25 ml Erlenmeyer
flasks with ground glass stoppers. The soil was then spiked with
a 0.1 mg/g loading of HD. The spiked samples were mixed for
approximately 15 seconds by shaking and permitted to stand for 10
minutes before being extracted. To extract the samples, 5 mlL of
chloroferm was added to each flask and the flasks were shaken by
hand for 15 seconds. Samples were permitted to stand for 10
minutes prior to removing a 2 mlL aliquot of the hexane extract.
The 2 ml aliquot was filtered and placed in a GC wvial for
analysis. The samples were analyzed by GC/flame photometry using

the conditions listed in Table 1. The experiment was conducted
over a three-day pericd, using five spiked replicates, a single
blank sample, and a recovery sample. The recovery sample was

prepared by spiking 1 mg of neat HD in 5 ml of chloroform.

- RESULTS

The results of the experimeats described in the previous

\ section are presented in the following tables. The data for each

experiment include the daily experimental results, the average
{X), standard deviation (SD), and the calculated recovery for the

metkod. In addition to the calculated recovery, a theoretical
meLhod detection limit and method relative standard deviation (%
RSD) &ara also listed. The theoretical method detection limit

includes the method recovery and the instrumental detection limit
as indicated below:

Instrumental Detection Limit (IDL) = 0.5 ug/mL by FPD

( IDL ) X ( sample volume )

Theoretical Deteaetion =
Limit

( method % recovery ) X ( sample weight )
( multiplied by 100 )
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The results of the solvent extraction process for HD in
pulverized concrete (Method #1) are presentad in Table 2. The
percent recovery compares the HD concrete sample recovery
(determined by using the extraction method and the measured
result) to the measured recovery of HD for an identical volume of
solvent in the absence of the concrete.

Table 2. Results of the Solvent Extraction Process for HD in
Pulverized Concrete
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Sample Percent
Recovery

Concrete #1-6-18 96 _
Concrete #2-6-18 93 = 92
Concrete #3-~6-18 99 Sh= 5.1
Concrete #4-6-18 88 %RSD= 5.5
Concrete #5-6-18 85
Concrete Blank-6-3 BDL
Concrete #1-6-19 87 _
Concrete #2-8-19 86 = 90
Concrete #3-6-19 93 Sh= 3.2
Concrete #4-6-19 89 XRSD= 3.5
Concrete #5-6-19 924
Concrete Blank-6-19 BDL
Concrete #1-6-20 a7 -
Concrete #2-6-20 100 = 89
Concrete #3-6-20 99 SDh= 1.2
Concrete #4-6-20 100 . %RESD= 1.2
Concrete $5-6-20 100
Concrete Blank-6-20 BDL
Concrete #1-6-24 94 -
Concrete 8$#2-6-24 99 = 98
Concrete $#3-6-24 98 Sh= 2.2
Concrate #4-6-24 100 XRSD= 2.3
Concrete #5-6-24 100
Concrete Blank-6-24 BDL
Method Recovery = 95 X Mothod XRSD = 4.0

BDI, = Below Detaction Limit
Theoretical Method Detection Limit = 0.3 ug/g Concrete
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~ The results of the concreﬁe drill sampling study (Method #2)
are presented in Table 3.

) Table 3. Roesults of the Concrete Drill Sampiing Study for HD

S Sample Total mg
Recovered Contamination level
"w ( mg BD/concrete )
“tt DS-1-RECOVERY 13
; pS-1-7-28 14 _ 5.4
.a% DS~2-7-28 11 X= 14 5.1
S pS-3-7-28 10 SD= 4.3 3.4
R pS-~4-7-28 12 %RSD= 31 5.7
ARy  DS-5-7-28 22 106 % RECOVERY S.0
> DS-1-7-29 i7 - 10
b DS-2-7-29 9 X= 12 5.7
gl Ds-3-7-29 i2 GD= 2.8 9.1
. DS-4-7-29 10 %RSD= 22 4.0
3 "P DS-5-7-29 13 94 % RECOVERY 5.2
;5: X= 6.3 mg BD / g concrete
[T
' E§ DS-1-BLARK BDL
j DS-2-BLANK BDL
B DS-3-BLANK BDL
I DS-4-BLANR BDL
n DS-5-BLANK BDL
5“\
i Method Recovery = 100 % Method XESD = 29
N & BDL = Below Detectable Limit
o3
> Theoretical Msthod Detection Limit = 5 mg/sq. inch of surface
b4
B
!
3
®
i
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The results of the concrete swab sampling study Method #3 are

presented in Table 4.

fable 4. Resulta of the Concrete Swab Sampling Study

Sample Total mg
Recovered
§5-1-7-28 5 -
S$S-2-7-28 8 = 5.4
S5-3-7-28 5 SD= 1.4 6 % RECOVERY
$5-4-7-28 4 XRSD= 25
SS-5-7-28 5
55~1~7-29 3 _
§&-2-7-25 4 =3
§5-3-7-29 2 SD= 0.89 3 % RECOVERY
55~-4-7-29 2 %RSD= 30
S5-5-T-29 4
SS-1-BLANX 8BDL
S8-2~-BLANK BDL
SS-3-BLANK BDL
SS-4-BLANK BLL
SS-5~BLANK BDL
Method Recovery = 4.2 % Method XBSL = 40

BDL = Below Detectable Limit
Theoretical Method Detection Limit = 4.4 mg / sqa. li.ch of surface

. — Y . Y o ——— ——
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The results of the painted steel swab sampling study Method
$4 are presented in Table 5.

Table 5. Rosults of the Painted Steel Swab Sampling Study for HD

Sample Total mg
Recovered
SPS-1 63 _
SPS-2 74 = 71
SPS-3 79 Sbh= 6.8 75 % RECOVERY
SPS-4 62 %RSD= 10
SPS-5 75
SPS-6 77 _
SPS-7 86 = 82
SPS-8 84 SD= 3.3 86 ¥ RECOVERY
SPS-9 . 83 = 4.0
SPS-10 79
SPS-Blank BDL
SPS-Blank BDL
SPS-Blank BDL
SPS-Blank BDL
SPS-Blank BDL
Method Recovery = 80 %X Method %RSD = 10

BDL = Below Detectable Limit
Theoretical Method Detection Limit = 0.25 mg/sq. inch of surface
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The results of the solvent extraction process for HD in soil
study Method #5 are presented in Table 6.

Table 6. Results of the Solvent Extraction Process for HD in Soil

Sample Percent Recovery
Soil #1-6-19 75 _
Soil #2-6-19 89 = 88.2
Soil #3-6-19 g5 SD= 6.9
Soil #4-6-19 93 = 7.8
Soil #5-6-19 89
Soil Blank-6-19 BDL
Soil #1-6-20 100 _
Soil #2~6-20 100 = 100
Soil #3-6-20 100 SDh= 0.0
e Soil #4-6-20 100 %RSD= 9.0
W Soil #5-6-20 100
.§ So0il Blank-6-20 BDL
L]
i Soil #1-6-24 100 | _
' Soil 8#2-6-24 100 = 99
% Soil #3-6-24 100 SD= 1.5
; Soil $4-6-24 99 = 1.6
b Soil #5-6-24 96
’ﬁ Soil Blank-6-24 BDL
)
' Method Recovery = 96 % Method %RSD = 5.6

BDL = Below Detectable Limit
Theoretical Method Detection Limit = 0.5 ug/g Soil

DISCUSSION

The results of the solvent extraction processes for both
concrete and soil iadicate that BD can be quantitatively
extracted from these matrices and analyzed by gas chromatographic
techniques. The results presented in Table 2  indicate that an
expected recovery from concrete is 95 % at the 200 ug HD/g
concrete spike level and with a instrumental detection limit of
0.5 ug HD/al hexane. It is expected that 0.3 ug BD/g concrete
could be detected using this method. In addition, the percent
ralative standard deviation over the four-day pericd of 4.0 %
indicates the wmethod has  suitable reproducibility for a
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quantitative amalyses.

The results of +the so0il extraction presented in Table 6
indicate that a similar recovery of 96% is expected at a 200 ug
HD/g soil spike level. Using the same instrumental detection

R limit of 0.5 ug HD/ml hexane, it is expected that a 0.5 ug HD/g

Lﬂ s0il could be detected using this method. The soil extraction

method yields a slightly higher percent relative standard

deviation (5.6 %) but still within the acceptable 10 % level for

‘g' a GC method. Both of the above theoretical method detection
ck limits are based on a 10 g sample and 5 mL extraction volume.

The results of the concrete drilling experiments presented in

iy Table 3 indicate that a 100 % recovery is expected using this

' @ﬂ method of analysis at a concrete contamination level of 63.5 mg

' HD/sq. inch of surface area. The percent relative standard

: deviation for this method was 29 ¥. This level of variability is

relatively high for a typical analytical method, however with the

involved spiking and sampling process the value is appropriate.

The method has been developed to determine if BHD is present and

W is expected to be suitable for this measurement. The theoretical

‘; method detection limit was calculated as 5 mg/sq inch of surface,
_ assuming a 0.5 ug/uwl Instrumental Detection Limit (IDL). The
s validation data for weight of sample collected indicate the
ﬁf average concentration level of HD found in the concrete

validation samples equalled 6.3 mg HD/g concrete. This

- concentration level data ( g/g concrete ) may be more appropriate
for the field tests as the method of reporting the amount of HD

b measured for a concrete sample during the analytical process.
' The experimental approach of using a 1/4 inch masonry drill bit
; was very successful and posed no problems in the lahoratory

b tests. The samples were easily handled and provided no
analytical problems using this method. The theoretical datection

limit for the drill dust concrete samples taken in the field
should be the same as that for the pulverized concrete study of 1
ug HD/g concrete sampled (wi./wt. measurement) since a similar
method recovery was observed.

The results of the concrete swab sampling study are presented
in Tabla 4. The data indicates a low recovery can he expected

1
by

from surface swab sanples. These data verify that the concrete
is extremely porous and absorbs the CSM immediately upon spiking
the surface. The HD measured is that amount that did not

penetrate the concrete in approximately 5 wminutes (the time
required for spiking). The test does show that, if HD is present
on the surface, the swab technique of sampling will remove at
least some of the HD from the surface for amalysis. The blanks
sicyad no interferences for this method and the wmethod should
t) ..sfer easily to the field for screening surface contamination
lavals. Based upon the data collected, at least 4.4 wmg/sq inch
must. be present in a4 5 X 5 sq inch sampling area to be detected
with an expected percent relative standard deviation of at least

40%. This high level of variation (40 % RSD) precludes this
method from being used as more than a screening method. The
cotton swabs used for the sampling wmust be pre-extracted by
soxhlet extraction prior to use to preveat interferences. The

method as used in the laboratory should transfer easily to the
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field for use as a screening method for HD contamination on
surfaces of concrete.

The results o©f the painted steel swab sampling study are
presented in Table 5. The data indicate a major increase in
recovery and reduced level of variability over the same technique
used on the porous concrete. This was expected since +the metal
does not present the physical charactc.istics of absorbtion
toward the CSM demonstrated by concrete. it 1is expected that
painted concrete (to reduce the porosity) will present similar
recovery results. The swabbing of painted metal produced an 80 %
recovery and a lower <theoretical detection limit of 0.25 mg/sq.
inch based on a 5 X 5 sq inch sampling surface. The percent
relative standard deviation of 10%¥ RSD represents a much improved
method over that of the unpainted concrete samples. The
detection limit can be reduced further by increasing the surface
area swabbed. The analytical method presented no analytical
interferences and should be easily transferred to the field
application.

CONCLUSIONS

The methods evaluated for this study all appear field ready
and should be able <to generate samples capable of assessing the
decontamination effectiveness of the hot-gas process. The
methods for extracting BD froim concrete or soil are suitable for
quantitative validation. The surface swab techniques are more of
a screening method and cap be used to detect residual agent on
machinery or building surfacas caused by spills or comtamination
due to the demilitarization processes that were performed. It
should be noted that the HD contamination on untreated concrete
bhas probably penetrated below the surface and the drill technique
will prove to he a more feasible methed of sampling. The drill
technique, although limited in depth in the laboratory, should
not present a problem in doing depth profiles through the

concrete. The 1/4 inch drill size does not present a heating
problem when 1/4 to 1/2 inch depths are drilled at appropriate
intervals. No observations were wmade during the laboratory

experiments that would prevent these methods from being used to
sample the designated facility at Dugway Proving Ground.
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STANDARD OPERATING PROCEDURE
FOR AMALYESIZ OF HD IN SOILS AND CCNCRETE

- - —— -

I. Stat=ment cf Work

€irce Worlid War 1I, the U.3. Armv Fas bzen involved witt the
praduction, testing , and demilitarizaticen of chemical sgasts.
fes 2 resu.t of these activities, Government favilities including
a variety of gcrocess eguipment and permanant structures were

contaminatad witk GE, VX, and HD. Wher. the Army stcocppe?d
precustion of chsmizel agants, these facilities wsra

decontaminatad and put cn an inactive status and are candldates
for excsSssing actions

fz pa-t of this test prog-am, a method of ox-site bullding
meterial sampling and C5M  ansliyzis must be devaloped and tested
ts determinz the lavel 924 decorntaminraticn of the structurs and
the surrcuncging ar 2s.

N osEr d o te a mathod o+

2gd < a%
lengad with dilute =D,
for r dual mD.

.

The objective af this s:udy is to develop a saapling and
analytical methed toc detar-mina tha presence of HD  in solid
MaALrLCes such as soangrata or goil afiter thay have hees finaliy
giv:ded Lo allow for efficiegnt entraction., This S3R iz for th&
afl.3lruis oF samplas after collaction using any sampling method
thet procuces a finely divided concrete cr scil sample.

A

11, Materials and Egainmant Desica

a. Matorisis
N Ful var ized Concrota, as regu.rad

3

L B4 gieve siz

- ?uiverzead sntl, a5 raguired
L 8L 3ieve mica
< Aesane (AC3Y, 3% reguirec
Gglass cdistiliag, reagent grade
‘ .
3. Chloroform (ACS), as regiires .
Rl
s
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lass distilled, reagent grads
9

pé

S. Erlienmayer Flask, 25 ml 12 each
with ground-glass stcpper
L. Farteur Fipets as required
7 GC Auta-sample Vials as recuired
8. 4 Dram Vials a5 required
<. Crammaornd Fozitive 1 each
Pispl acement Fipet
O - 25 uk, 0 ~100 ub
1%, Hamilton Syringe,
t ogl, SO0 al - each
11, Gelman S/-inge Filters as raguired
1o, Fa' ancze Io@age
2. Molumatelo, i m 4% e@suared
14, aloano: Soletion, S a8 reguired
15, Distilled Water 3% resvirad
&, Acetone ab "ejzvired
17, M7 Mask L persan
18, Busyl Rubber Apraas i /7 perscn
19. Latex Rubber GBloves 85 requirac
=9, 12 wmil Bawyl Ruboer G.oves as reguiredc
2l. bhiawipes/3ofi Cotes as rajuired
o2. HMicrowipes as recuLirsd
=%. FPyres Babking Dish as reguirat
<4, Wash Bottle Cortaining Biaach as raguired
25, d-laiter Tezon Buelet a4g rajuirad

Contasning Bleach

£ B 6§ x5

\fr X

g =

e}
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BE. Apparatue Design

The only test apparatus required for these tests are
the 25 ml. Erlenmeyer flasks and the balance. All wcrk,
except analysis of the extract samples, will be conducted
within a fume hood.

IV, Analvtical Technigue

A Hawlett Faclard Madel S880A gas chromatograph or
eguivsient, eguirpe? with eithar & Fleme Fhatometric Detector
with *he 367 nm window for suldur or an Electroiytic Conductivity
Natectsor, and ar  appropriate data system and printer ard/cr
plotter is required to perform this aethocd.

em i interfaced tz the S0 to allow ccquisitian
$ram the detectar +$or the Jduraticn gf the

cgram. The campuiter sys%@n 15 eguipped with
wr saving the data fram the GQ runs. Computar
:2?s«afr 15 usei tc intagrala the ares uvndar chronaltographic
sealks fcr quentification, An aulomatic sample 10jecios it
ebtntiotod data syoten wils allow Jngttenced aralysis of samsies.

W

Parama+a~

Chromatographic Londitions:

Coluan; 0.5500 um I8 2 1D meters
nE=-% colucn

Carrir: Waliua

Flow: TO aLl/ain

niscticn VoLumes < ul

Column Tamg: spprotimataly 130%C
isatharmal

Detactor Temos e

Injestor Taag: (e Ve _lnd

v, Toct Conditizng gng Meiris

2. CoH; Naat D

K. Tamgerstura: Anbient — approsimacel y S8°F
C. Tggt Matgricl: Canzrate, Scil, « 83 Sigve
0. Extractian Sclvent: Chliorssors
.
2CN X
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£, Taest Matriu:
Day_1

S concrete samplas spiksd with
100 ul. of 19 mg/ml HD solutian

1 concrete bdlank/ro ED soike

S s0il campies spikad with
100 ubl of 10 mg/mi. HD solution

1 s0il biank/no KD spiks

k3

Da-

Repealt Day 1 testis

hreapeat day | tests

Cegnasel Frote-urs

A, Concrates/Sosl Estraction

The fuilowing pracadure  will he used &z cbtain
gi:iraction sasples from bBoth pulverized gancrete anid
guiverisag saili, Eech day, & congrete and 5 s5:) samples
wiil b run, along with § Slack of gack zaterial.

Tha test will! 2e conductsd by gplacing 12 g &f
priverized concretas/ssil in @ 25 &l Erlenmsver flask, Tne
concreta 5ot will then be challermgod with (20 ol of a 17
eg. vl WO sOoiutian end thg €lami  sheben by hand for
efprotiestely 1S seconds. The saaple will be allowed to
stand #ar 13 =minutes. After that tise perigd, & a. of
chicrofsra will He added and the sampig will again be shaben
Sy hand for approxisately 1S seconds. The sazplie will then
te allcwed te stand for anpther 10 minutes. Following that,
an aligqudt ©f the gstrect wii, b2 withdrawn frgz the ¢1lasb,
silterad, and placed in a GC avto-sacple vial. The autract
wilil then S0 analyied ¥or WO,

el

gxn £ 3 K4

Bre o

3

e
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Aralytical Procedure

1. Sample Handling and Freservation

Upan rec=aipt, the XCSM samples will be staored in a
hood or sacured container at 42C until the +time o=
analysis. The samples will be allowed to warm to room
temperature prior to analysis. The samples must be
analyzed within five days of collection. Attar
analysiz, the sample is returned to the hocd or secursd
refrigerator in the event re-analysis is reqguired
Otherwicse, the cample is decontaminated prior to proper
disposal. Stancard solutions will be stored at 4 C
trom th start of the analyses and pericdically
anaiyzed to verify that noticeable decomposition does
Aacst oceur upon extanded storage.

2. 3T Calikbration

The instrument is initially calibrated with five
standarcs. & calibration curve is mcde by plotting the
peak areas versus concentration and a lina i3
constructed using linear regression analysics. Daily
calibration checks are executed by analyzirng three
standards of diff=aring concantrationsz at the beginmning
¢t each day. The pesk arzas ars compared against thossa

cbtained +rom the initial calibration. Recalibration
with the five stancards is required when the GC system
has rnot beer. operated for on2 week or longer or when
the peak areas fur the calibration checks vary mera
than + 0% fram the values obtained for the standards
during the initial calibraticn.

3. Sample Analysis

Unce thz instrument has been properly calibrated,
analysis of the samples can begin. The sanples ars
analyzed by injecting T ul onto the GC column, Ag
mimimum, a standard/control is run after eave~y
samples during daily operation. Stasdard deviation i
analyzed after every six samples and the day's analyse
ara completed. The peak areas obtained from analy:;
the standards ara compared againtt tha initial
calibration data and should agree withia * 10, I¥
this thresheold is not met, the instrumsnt is cansidered
to be out of calibratizsn ane dats for  the sanplias ara

-
igzarded.

3 our B

-n

L

The systam ia recaliarats:_and the semp.es
arz then reanalyzad.
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4, BC Calculelicns

A calibration curve is generated by plctting the
data abtsined from the initial calibratior. The
concentration of HD in the standard (x—-axis) is plottad
varsus the appropriate peah area (y-axis)., A graphk ie
clotted By subjecting the data tc linear regression
anal ysis.

The concentration of WD in the samples is
datarnined by extrepolation of the peak areas to the
corcentraetion of HD along the x—axis. Twa
cenesntration, in ug/mg, cf HD in thas aorigiral samgle
ie given by:

&

-—

HD, ug/g = 2w 3 ml
tC g concreta sampla

L

firam BT anrne

w

3
it e "

whare » = tha amount of HD ina the extract determinad
. .
PRA=D

Vial., EpeEsific Srocodur

Hul

a, L0 mgS/re. HD Stock Solution
i Marh a Q-dram vial wibth Tetion=lined cap
eppropriataly.
=. Fipet 9.9 ol chlorofcrn into d4=-dram vial and seal
with Teflaon-lined cap.
- Frepare for neat HD transfer in  actordsnce with
whe procedures defined in SUP MHML-ARL. The MD stocy
golunicn iz arde by pipetting 81.0 vh MO inty the
9.9 al ghluroforys in the 4«-gdram vial,

B, 30 Calibration Standards

1. Mark S I-dram wvials with Teflon~lined ca
agpropriately,

|23
T«

-

- Preparea the ¥following BT calibtration standards:
100 - 200 ug/aml HD

75% - 15G ug/sl HD

AECRE MG RNAG S P OGP SRS WAL TR T R R s e (R U LY e v ey W W

5%
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S0% = 100 ug/mL HD

25%4 - S0 ug/mL KD

C. Concrete/Scil Sample Extraction Frocedure

1. Cbtain 12 2S-mL Erlenmeyer flasks and mark
appropriately.

2. Weigh 10 g of pulverized concrete or pulverized
scil and gplace in flask. FRepeat until &6 flasks contain
concrete and & flasks contain scil. - :

g 10% - 20 ug/mL HD

. Flace the flasks containing concrete in ‘the funre
haod. Hood workers don protective ecuipment and the
two~-man rula is in effect. Obtain the 10 mg/mbl HD

stock svulutian.

3. Challeng2 the first flask containing cencrete with
120 ¢l of the 1¢ »ngsml HD stock soluticn.

e Stopper the flasgk and hand-shake the Erlenmeysr
for appranimately 15 ssctonds te cover the HD challangs.
Set flasy aside within the fume hoad.

&. Regpeatr steps 4 and S for tha next 4 flasks
containing concrete.

7. fllow the flasks tg stand for 10 minutes.

S. - After the flasks have stood for 10 minutes, add

S ml. of chlarofarm toc the first flask challenged with
HE. Ctopper the +lask ang hand-shake for
approximataly 15 seconds. Set flask asicde within the
fume hood. Allgw flask to stand vor 10 minutes.

9. Repeat step 8 for the ramaining - HD challanged
flasks and the single concreta blank for a total of &
flasks rontaining concrete.

10. Repeat steps 4 through 9@ for the flasks containing
s0il.

11, Withdraw an  aliquo® of the extract with a pastaur
pipet and place in a SO0 ul syringa with & Gelman
filter attoched to the end. Filter the exzZi"act into &
GC auto-sample vial and submit it for HD analysis.

APPROVED
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1Z. Repeat step 11 for the remaining concrete and saoil
samples.

Z. Upcn completion of the test run, decontaminate all
eguipment used 1in accordance with the procedures
defined in SOF HML-10 and dispose o0f waste in
accordance with SO0 HML-11. Following decontamination,
tke Erlenmeyer flasks are to be washed in the foliowing

manner:
a. Wash with S% Alconox solution
b. Rinse with hot water
C. Rinse with distilled water
d. Finse with acetone.

e. Afir dry.

APPROVED

i
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STANDARD OFERATING FROCEDURE
FOR -‘NOVEL PROCESSES CONCRETE SURFACE AND SUBSURFACE SAMPLING
' DECONTAMINATION STUDY

I. Statement af Work

Since World War 11, the U.S. Army has been invclved with the
praduction, testing , and demilitarizatiorn of chamical agerts.
As a result of these activities, Government facilities including
a variety of process equipment and permanent structures were
contaminated with GB, VX, and HD. When the Army stopped
production of chamical agents, these facilities wea-e
decontaminated and put on an inactive status and are candidates
for excessing actions. :

As part of this test program, & method of on-site building .
material sampling and CSM anslysis must be developed and testad
to determine the level of decontamination of the siructur=a.

A seriss of tests has been designed to tezt a method of
sbtaining sdrface swab sampiss and subsurface drill campliss cf
congrete thallengad with neat HD. The samples aobtained will then
be analyz=ad for residual HD.

The ckjective of this study is to develop and test a method
of surtacse and subsurfacze sampling to be used in  the

dacontamination confirmation tests cn  existing Government
buildings that were arce contaminated with C3M,

1II. Materials and Equipment Design

Aa. Matorials

i. Concrete Test Coupons as needeaed
a. 9" X 8" X L/4" ~ Swab Tests
b. S X S X 1" = Drill Tests

2. Stainiess Steel Coupons ) as needed
a. o X S" X /8"

Se Alkycd Fainted Meta. Coupons as neeced
a. S X 5" X L/8"

4. Coupon Holder Box -~ Drill Tesis S aazh
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/8" FPower Drill Fre=zss

with 1/4" turngsten carbide bit

Coupon Templates

a. Subsurface Template
b. Surface Template

Sclvents

a. Chlorotorm
b. Hexane

Red Marking Pens

4-Dram Sample Vials

Pyres. Class Baking Dishes

Gauze Fads,

Fcrceps

GC Auto-irnjector

Festew Fipsts

Stop Watc

Laboratory Notebook
Hamilton Syringe with Stepper,
Hamiltorn Syringe,

Micro wipes

X 2" X 12 Ply

Vials

1 ol

Styrofoam Vial Holder

Read Brush
Tape, Duct
Scft-Cotes
d4~-Liter Decon bBucket containing Bleach

Metal Vial Helder

Wash Bottle containing Bleach

APPROVED

770

i each
i each

as needed
as nesdad
as needead
as needad

as neadead

as reeded

1 each

1 each

1 each

1 each

as needed

1 each
as needad
as reedad
as neadead
1 aach
1 each

1 each
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27. Butyl Rubber Aprons 1 / person

28, M17 Mask 1 / person j
29. Letex Rubber Gloves as needed |
30. 17 mil Butyl Rubber Bloves - as needed

1. Balance 1 sach

32. Flastic Secondary Container 1 =azh )

2%, Chemical surety material used in the testing is
authorized under Bailment Agreement DAAKLL1-84-H-0003Z.
The C5M usad in these tests will be HD.

E. fpparatus Design

The test apparatus to be used in these tests will be a
lvcita bex  that will serva to collect the dust generated by
d-illing intc the concrete coupon ( Figure 1.) and & small
drill prass to afford essy crilling cf the couporns.

Y., fnalyticel Technigue

L & e e B

The surface swab samplas and the drill dust extraction
campies will be analyzed on & Hewlett Fackard S730A Gas

Chromatograph. The extraction of the surface swab samples will
Es done using hexane and the drill dust extraction will be denes
wsing chlorofcrm. THe extract samples will be pipettad into GC

auto-samule vials and submitted far analysis.

TR _ XAt

vV, Test Conditionsz

A, C3M: Neat HD _
E: Temperatures: Ambient - approaximataly &43=F
c. Tozt Material: Concrete/Painted metal coupons
D. Solvent: cghloroform, hexane
. E. % coupons will be tested each day on two successive
days for each test method and surface.

ST AER AN AT PSS
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F. Tast Matrinrs &
gatety lnspection: |
pry run will be used & ghtain baﬁkground !
l1evels of the unchallenged coupons:
Swab tpsts OO g plank concrete coupons ¢
Drill rasts OO 5 blank concrete coupons i

Max i mue recovery Lasts whe gur face swab

vost using S ctainless phugs coupons.
\

rast of drill -1 gpik®

flan i mum recavery
0 ml chloroform

anv of actual challeng® into }
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Challenge S concrete coupons with HD, Swab
Test.

Challeng2 & concrete coupons with HD, Drill
Test.

Cav 2

Challenge S concrete coupons with HD, Swab

Test.
Crallenge & concrete coupons with HD, Drill
Test.

Day =
Challenge S paintad metal coupons with HD,
Swab Test
Challenge 1 stainless steel coupon with HD,
Gwab Test, Maximum Recovery

Day_ 4

Challenge S paintad metal coupons with HD,
Swab Test

Challerg2 1| stainless steel coupen with HD,
Swab Test, Maximum Recavery.

vl General Frocedurs

A. Surface Swab Sampling Test

The tost will be corducted by placica 78 ul (95,25 ag)
pf WD on the surface of a S* X S* X 1/4" concrete coupon  in
a 14 det patterr. The coupon will immediately be swabbad in
2 directions with a gauze pacd that has been dipped in
hexane. The swab is then placed into a S-dram vial
gontaining 10 mlL of hexane. The bottle is shaken for a
pericd of time and an aliquot of the sutract is placed into
a GBC auto-sample vial and submitted <or G analysis.
Duglizste tests of % coupons will be conductad on o
successive davs.

b, Subsirfane B-ill Samnling Test

The tac:t will be conducted by placing a S* X 5" X 1*
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concrate cod4por into a Lucite box (Figure 1.). SO ulL

{(63.9 mg) of HD will be applied to the center of the coupen
I within a defined area and the coupnn will be allowed to
' stand for 30 minutes. Then the lid of the box will be taped
into place and S holes will be cdrilied to a depth of 1.4"
depth using the drill press. The drill dust will be

. transferred into a 4-dram vial. A known quantity of
L chloroform will +hen be added to the 4-dram vial and shaken
N far a period of time. An aliquot of tha extract will then
’ be placed into a G6C auts-injection vial and submitied for
! ‘ anzlysis. The weight of each concrete sample will also be
cbtainec. Duplicate tests of S coupons will be conducted

”-”

on 2 successive days.

v o

29 & w2 61 BB

C e

g

VIl. Specific Frecedurs

- o

5 A. Surface Swab Sampling gg
“y ‘
5 a. Dhhain the requirac number of S* X 2" 3 /73"
N concreta/caintad metal coupons. n
- t. Flece <surface template (Figure ) on surface of s
et cougpon and mark the certer of the holes with a red
"j rarkiog pan. Mark sampia coce or coupan. Rapest vor )
Y ail coupons.
. a“
i c. Mark 4d-dram vials and GC auto=-injection vials with
.i:' the appropriate code. gg
" .
’; d. Flace 10 oL hexane in each 4-dram vial arnd s2al .
: with a Teflon-lined cép. %
A |
‘ 2. Place coupons in glass baking dishes locatad
Y within the fums hood. 3
) » ’1‘
¥ [
! €, Fosition gauze pads, forceps, d-dram vials, GO o)
b vials, pasteur pipets, and 2 I-oi. jars filled with .
2 herane inside the fume hood. ﬁg
P
g G. Prepare for 75 uwll HD challenge and conduct the '
. challenge ©f a single coupen according tc the . %,
N procedures dafined in WML SOP-I1i. ;3
H
h N, CGrasp a8 gawce pad with forceps and Cip the pad o2
’ in hetane $from i —~3z. glass jer. Wipe tae L)
challenged ares o©f the coupon in one directisn, ¥fcl -
1 the psd over and swab the chal.enged area perpandizular
EY : .
to the first swabbing. M
k) N
; Art’:(()‘lﬂ) ' B
1
R |

(77 st -
~a Y
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i. Mount Gé-dram wvial in styrofoam holder. Fold the
pad again and place the gauze pad intec the
appropriataly marked 4-dram vial and cap vial. Shake
the vial for 15 sezonds and sot the vial in holder.

Je Finse ¥forceys in second Z-o0z. Jjar containing
hexans.

[ Repeat steps g - J for each of the coupans ta
tested.

1. Sellowing the extraztion of all swabes, placze a 1.5
mL aliguot of each 4-dram vial into an appropriately
marked SC auto-injection vial. Submit the samples for
analysis.

[ 8 Upan compgletian of the test runs, the test
oateriale and test apparatus are decontcminates
ezcording ta the pracadures defined in HFL SOF-{) and
wasta Jsdisposed Oof in accordance with rMl SOP-11.

E. Bubsursaca orill Semziirg

3 hiain the reguired rumber of 3" X S ¥ 1*
concrels CIuponrs, :

L. Fiace subsurface template (Figurk ) on surface cf
couptn angd mark the ocutline of Lha 1Y sgueare hole on
tha surface of the coupon with a rad ascling pan.
Mark senple code on coupon.  Repest for sl coupons.

C. Mark S-drem vials and GL auto-injestion vials with
the appropriaete code. Tare @ach 4A-dram vial in the
secondary container. ‘

" d. lars 10 ail of chlorefore in each d=dran viar anc
s@sl with a Teficn-lined cap. :

&. Fflace a concrete coupeh ints eadh gf the five
plastic boues (Figure 1.}, glace lidse con boues, and
placa boses intos fume hood.

L Fosition d-gram wvials, GC auto-injecticn vials,
anc drill intc fume hood.
g. frapare for S0 ulL HD crallenge ang concuci Lthe
challenge sccording to tha procxdures defined Ia AR
sgP-Cl.

APPROVED
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k. Allow MD to stand and sosk intd the coupans for
30 minutes.

i. At the completion of the spak periad, secure the
lids to the boxes with taps, PFPositicn a singie box in
a large giass baking dish.

Jo Using the drill press,insert drill intc the hole
loeated :n the top of the lucite bow and dreill a $/79"
daep hole iata the caupan. Full the drill bit out of
the coupon and maneuver the supon into & differanct
paositicna and drill another 174 daep hole. Repeat

urrtil 9 holes are drilled into the surface of the
coupas,

k. Reravs 2rili from the hole in the boax and tazs
~311 hole. Brabe the drill powder off tha surface of .

tra coupcon and remove the tape from the lid gf the bou.
Fositicn tha approsriate d-Uram viel in fuma hocg.

nd  remove the Qoncreiex CouEon ¥fron
;—n QE*—‘JU. .

W Four the deszz p:«der fFrom the Bon Lkc thae d=3rin
via. ong Tep with & Teflom=-lined cap.
Peu Set Box asido within fume hong., Transder a .3 al
dliguot OfF the extract to an  approprietely sarkeg GO
vial, '

. Repsat steps 3 = % fCr 2ach ©f tne coupgnz «<ng TEW
Lo be tasted.

o Upon complation gf the estratt snaivsis, open the

CAwdiran vials end alliow the solvent o evaporata.

G- Cap the d-draa viasis ond placa thas individually

intc  the secoadary container angd  obtaid  weight.

Talculste the aScunt of concrete ih 2ach =aap.af

v, Wige the 5Tuec wilh solvent ond &llcw thea Lo dry.
S. Up completicn ©F tho test runs, the Jelarials
NY Y95t AfsaTeLuE ar? decantazinaiey scagriing Lo the
pravadures Jefingd  in STF SMNL-L0 and wasté s gisposad

) ]
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FINAL REPORT
on
TEST PLAN FOR NOVEL
PROCESS DEMONSTRATION AT
DUGWAY PROVING GROUNDS
to
U.S. ARMY TOXIC AND HAZARDOUS

MATERIALS AGENCY
ABERDEEN PROVING GROUND, MARYLAND

I. General Information

==

1.1 Project Description

The objective of this task, Novel Processirg Phase III is to

conduct a pilot test of the hot gas decontamination concept as inves-
§§ tigated in Phase II by Battelle. The Fhase Il experimental and engine-

ering evaluations demonstrated the feasibility of the hot gas decontam-
inaton using laboratory samples. Pilot scale test under controlled
conditions are necessary to further evaiuate the hot gas decontamination
process prior to full-scale implerﬂntationQ

The part of their responsibilities in DoD property disposal,
USATHAMA must identify, contain and eliminate toxic and hazardous materials
where facilities, potentially available foir alternate government or
private use, have been declared excess or are candidates for excessing.
With this mandate, USATHAMA must provide not only the technical basis
to implement decontamination but also the standards to ensure decontam-
ination has been effective.

Battelle generated, experimentally evaluated, and perfcrmed
engineering/economic analyses on novel building decontamination concepts
under separate contract. Based on the results, Battelle and USATHAMA

w
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selected the hot gas decontamination concept for field evaluation.
Maintaining a temperature of 150 C for 60 minutes was effective in
decontaminating HD, GB, and VX contaminated painted and unpainted steels
and porous materials. A steam decontamination concepts and an OPAB*
decontamination concept were also effective decontaminants. However,
the engineering analysis indicated OPAB would be less effective than
either steam or hot gas, while the economic analysis indicated the

hot gas concept is preferred over the steam concept.

For this project a structure will be constructed of 4 different
building materials including poured concrete, hollow block wall, solid
block wall and steel plate. The structure is described in detail in
monthly progress reports to USATHAMA under this contract. The structure
will be constructed by a subcontractor, transported to Dugway Proving
Grounds (DPG) and prior to testing, the structure will be moved into
the test chamber. The original plan (August 20, 1986) requested that
the Defensive Testing Center (DTC) be used as the test chamber. This
facility was visited on May 14 and 15, 1986 by Battelle engineers and
was considered to be the size and level of control required for this
test program. Due to delays in availability of the DTC the alternative
chamber in Building 3008 will be used for this program.

The test structure will be spiked with HD solution prior to
hot gas decontamination demonstration. The idea is to simulate a structure
which is essentially at a 3x level of contamination and is typical
of structures which may be encountered in field decontamination.

A hot gas generation system will be designed by Battelle engineers
and then coupled to the building. The exhaust gases from the building
will be cooled and evacuated from the chamber through the HEPA/Charcoal
type exhaust filters which are integral to the chamber operations.

In order to provide validation of the decontamination efficiency,
it will be necessary to collect samples in the structure both before
decontamination and after decontamination. Gaseous monitoring for
HD agent will also be required to demonstrate the release rate of HD
from the surfaces and also for safety monitoring. Finally, physical

*octyl pyridinium 4-aldoxime bromide.
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data of the system will be monitored for characterization of the heat
transfer effectiveness of the materials as related to agent release.

1.2 Location of Testing

As a result of the September 30 meeting at DPG, the USATHAMA
project officer and the BCD deputy project manager, agreed that 3008
chamber facility at DPG offers an acceptable facility for running a
controlled experiment of this nature. By using known spiked coupons,
state of the art monitoring, and controlled environmental conditions,
the feasibility of hot gas decontamination may be demonstrated. The
chamber allows the piacement of a large structure within a controlled
environment. The coordination of available support facilities at DPG
will greatly enhance the success of this project.

1.3 References

The following references are relevant to the background and
operations of this project:

“The Development of Analytical Methods for Determination of HD Contamination
In or On Building Materials" Technical Report to USATHAMA Contract
DAAA 15-86-D-0001, Task 1, Subtask 3, August 15, 1986.

“Advanced Development and Field Testing of Novel Process Technologies
to Decontaminated Chemical Agent Contaminated Facilities", Battelle
Proposal to AMCCOM Procurement Directorate, Aberdeen Proving Ground,
July 19, 1985 on RFP#DAAA-15-85-R-0020

“Development of Novel Decontamination and Inerting Techniques for Explosive
Contaminated Facilities, Laboratory Evaluation of Concepts”. Report
No. AMXTH-TF-TR-85009, USATHAMA, March, 1985.

“Subtask II Report on Design Review" in Battelle Monthly Report to
USATHAM, Contract DAAA15-86-D-0001, June 16, 1986.

NI TR AL WIHAR
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1.4 Scope

The overall scope of this project is considered as a one time
only pilot test with the following objectives:

B & r

Determine the effects of the hot gas process
on actual structures and representative
materials

-t

. a we n

e Perform analysis and sampling for agents on
. : or in building materials, soils, and exhaust
. air streams

< o Demonstrate the feasibility of the hot gas
o . process in pilot-scale decontamination tests
of contaminated structure

B A = &R

o Confirm/refine the assumptions made in previous

engineering and economic evaluations such that
) a detailed design of a full-scale process can
a be made.

fF B ==

o Obtain data for use in satisfying regulatory/
safety agency requirements for application and
validation of a decontamination process.

_,
-
==

It is recognized that in order to accomplish the above goals,
a joint effort by personnel of DPG and BCD will be required. The purpose
of this Test Plan is to delineate the areas of responsibility and the
specific requirements for each party.

1.5 Limitations and Responsibilities

7z S g

The following project limitations and responsibilities are
recognized as necessary for the successful operation of this project.

T

{]
' 1) Overall management of the project will be with 8CD g;
i under the Battelle project manager Dr. William McNeill, |
Battelle Denver Operations Office. Dr. McNeill will N
K report all progress and problems directly to the -
: 8
B
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2)

3)

4)

5)

6)

7)

8)

9)

c-9

USATHAMA project officer Mr. Andrew Roach, USATHAMA,
Aberdeen Proving Grounds who will have final review
authority.

Operation of the test facility will be the responsibility of
DPG personnel. Contractual arrangements for use of

the facility will be made between DPG and USATHAMA as
required.

The preparation, handling, and analyses of all samples
collected at DPG will be the responsibility of DPG
personnel.

The operation of the hot gas generator will be the
responsibility of DPG personnel with the advice

of Battelle personnel.

Construction of the test structure and delivery to Dugway
will be by Furst Construction (Salt Lake City Utah) and
coordinated with DPG operations. Final approval of
construction will be by BCD engineers. Support requirements
such as power and fuel will be coordinated with DPG by
BCD engineers.

Installation of the structure into the chamber will be
by OPG personnel. °

A1l agent handling equipment, agent monitoring instruments,
real time data monitoring, decontamination of personnel
and final disposal of the structure will be by DPG
personnel,

A1l safety and operating procedures will comply with

DPG regulations. All onsite BCD personnel will

follow DPG safety regulations and will observe all

area access limitations as required by DPG. 6CD

will prepare a draft of heater operating procedures

for DPG.

During test operations, 24 hours a day monitoring will

be required and therefore overtime security and

!
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[ ]

operations will be requiad from DPG personnal. BCD
personnel will require on-site access in order that

a BCD staff person is on site at 211 times during
operations. It is anticipated that during test
operations the BCD crew will be limited to 3 persons
(1 woman and 2 men). These three people will require
housing at Dugway. Additional staff may be required
during construction phases but on site housing is not
essential for this period.

.10) A11 sample handling, sample analyses, and data handling
by DPG personnel will be observed by on-site field
personnel from BCD. Any questions regarding methodology
or safe operating procedures by BCD personnel will
be directed to the on-site DPG field manager.

[ = 1 e = F

G

1.6 Calibrations and Quality Assurance

z ™ PO

In addition to the above listed general limitations and
responsibilities, specific actions related to Quality Assurance will
be required as follows with responsibility in parenthesis:

ot od am ]

o Maintenance calibration records of all flow devices “
for air heater operations (BCD) :
o Naintenance of records of al) HD spike preparations E

(DPG)

¢ Naintenance of pre/post calibrations of temperature
readouts (OPG)

¢ Maintenance of calibration records of air sampling §
instruments (DPG) v

¢ Analyses of necessary internal spikes, and split g
samples for laboratory quality control (DPG) E

e Naintenance of log books during testing operations .
(BCD and DPG) i

e
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» Validation checks of Real Time Monitoring data
o accuracy (data point checked pretest) and chronometer
accuracy (time record checks daily) (DPG).

&E It is planned to have a QA representative from BCL review specific
Eg procedures prior to test operations. The representative will be onsite
during testing and analysis. A1l DPu records will be reviewed internally
gﬁ by required DPG personnel before final release. Records of any corrective
&

. A . L . . T e @ AR e et

action will be noted and included in a final report. Records and data
collected by BCD during on site operations will be made available to .
DPG personnel as required. Copies of all data and calibration records
will be collected and stored at the Battelle Denver Operations Office

except original 8CD laboratory notebooks which will be filed by the \
Columbus Records Management Office.

1.7 Temporary Chemcial Exclusion

The chamber area will require temporary chemical exclusion
of 1 working day. Agent diluted for spiking, will be taken from the

| ég ' chemical lahoratory to the test area and added to the test coupons. |
i - The unused chemical will be returned to the laboratory the same day. \
Alternatively. the coupons may be spikad in the laboratory but the
. floor spill solutions will still require transport and delivery onsite.
.3
5 1.8 Safety '
4
"%5 Ougway will be responsible for on site safety during operation - ' E
of the test. Battelle will provide necessary burmer operating guides '
;; _ with safety instruction to Sugway operating personnel.
AL _ ,
| 3 2. Supplies and Facilities | :

2.1 Furnished by Dugway

- @ A

A The following supplies, materials, and Tacilities will be :
' gﬁ supplied by Dugway in support of this project.

B O LI ¥ W e M RN T *&.mj
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2.1.1 Test Facility

The test facility provided by Dugway will consist of
one of the chambers in Bldg. 3008. The test will require
access to the control room for monitoring purposes, use of
decontamination facility for spiking and sampling, bench work
area for coupon spiking, power for aperati